WORLD INTELLECTUAL PROPERTY ORGANIZATION 
. International Bureau 




Reference AX for 
Serial No. 10/630 9 2S8 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

C07C 255/60, A61K 317275, C07C 
271724, C07D 217/22, A61K 31/44, C07D 
213/74 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 96A5103 

23 May 1996 (23.05.96) 



(21) International Application Number: PCT/US95/13125 

(22) International Filing Date: 3 October 1995 (03.10.95) 



(30) Priority Data: 
08/340,697 
08/459,598 
08/460.170 



16 November 1994 (16.1 1.94) US 
2 June 1995 (02.06.95) US 
2 June 1995(02.06.95) US 



(71) Applicant: AMERICAN HOME PRODUCTS CORPORA- 

TION [US/US]; Five Giralda Farms. Madison. NJ 07940- 
0874 (US). 

(72) Inventors: ANTANE, Madelene, Miyoko; 14214 Marie Court. 

Lawrenceville. NJ 08648 (US). BUTERA, John. Anthony. 
6 Lawrence Spring Drive, Clarksburg, NJ 08510 (US). 
HTJRTH, Bradford, Hammond; 4 Dogwood Road, Littleton, 
MA 01460 (US). ANTANE, Schuyler, Adam; 14214 Marie 
Court. Lawrenceville, NJ 08648 (US). 

(74) Agents: ALICE. Ronald. W4 American Home Products Corpo- 
ration, Five Giralda Farms, Madison, NJ 07940-0874 (US) 
et al. 



(81) Designated States: AM, AU. BB, BG. BR. BY, CA, CN. CZ, 
EE, FI, GE, HU, IS, JP, KG. KP. KR. KZ, LK. LR. LT, LV. 
MD, MG. MK, MN, MX. NO, NZ. PL. RO. RU. SD. SG. 
SI, SK, TJ. TM, TT, UA, UG. UZ, VN. European patent 
(AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT. LU. MC. 
NL, PT. SE), OAPI patent (BF, BJ. CF. CG. CI, CM. GA, 
GN, ML, MR, NE, SN. TD, TG), ARTPO patent (KE, MW. 
SD. SZ. UG). 



Published 

With international search report. 



(54) Title: DIAMINOCYCTjOB1JTENE-3,4-DIONES 
(57) Abstract 

The compound of formula (I), wherein Rt and 
R2 are, independent from each other, hydrogen, Ct- 
10 straight chain alkyl. Cmo branched alkyl, or C> 
10 cyclic or tricyclic alkyl; R3 is an acyl substituent 
selected from the group consisting of formyl alka- 
noyl of 2 to 7 carbon atoms, alkenoyl of 3 to 7 
carbon atoms, alkylsulfonyl of 1 to 7 carbon atoms, 
i aroyl of 7 to 12 carbon atoms, arylalkenoyl of 9 
to 20 carbon atoms, arylsulfonyl of 6 to 12 car- 
bon atoms, arylalkanoyl of 8 to 12 carbon atoms 
or arylalkylsulfonyl of 7 to 12 carbon atoms; A is 
selected from the group consisting of (a), wherein 
R4 is hydrogen, C|* alkyl, Ci-s perfluoroalkyl, C|. 
> alkoxy, C1-6 perfluoroalkoxy, amino, Cw alky- 
i*mino, C 2 .j2 dialkylamino, Ci-6 alkylsulforiamido, 
alkylcarboxamido containing 2 to 7 carbon atoms, 
litro, cyano. carboxyl; or, A is a phenyl group of 
formula (b), wherein Rj and R6. independent from 
sach other, are selected from the following: cyano. 
ttitro, amino. C14 alkyl, Cj-6 perfluoroalkyl. Ci-6 
alkoxy, C1-6 perfluoroalkoxy, C1-6 alkylamino, C2-12 
Uialkylamino. sulfamyl, C1-6 alkylsulfonamido, C6» 
12 arylsulfonamido, alkylcarboxamido containing 2 
to 7 carbon atoms, aryicarboxamido containing 7 
to 13 carbon atoms. C2 to C6 alkanoyl C1.6 alkyl- 
sulfonyl, C1-6 perfluoroalkylsulfonyl. C6-12 arylsul- 
fonyl. chloro, bromo, fluoro, iodo, 1-irnidaxolyl, car- 
boxyl or hydrogen; or a pharmaceutical^ acceptable 
salt thereof, are smooth muscle relaxants. 
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m AMTNorvcroRirrFNF-i. 4-dtones 

Background of Invention 

5 The present invention relates to novel 1, 2-diamino derivatives of cyclobutene 

3-4-diones having pharmacological activity, to a process for their preparation, to 
pharmaceutical compositions containing them, and to their use in the treatment of 
disorders associated with smooth muscle contraction; via potassium channel 
modulation. Such disorders include, but are not limited to: urinary incontinence, 
10 hypertension, asthma, premature labor, irritable bowel syndrome, congestive heart 
failure, angina, and cerebral vascular disease. 

Stemp et al. disclose a class of amino substituted cyclobutenedione derivatives 
of chromans described as having blood pressure lowering activity and bronchodilatory 
15 activity in EP-426379-A2. Several series of l-amino-2-phenylalkylamino- 
cyclobutene-3,4-diones are reported as H-2 receptor antagonists by Algieri et al. in 
US Patent 4,390,701. Several related l-amino-2-phenoxyalkylamino derivatives are 
disclosed by Nohara et al. in US Patent 4,673,747. 

20 The syntheses of variously substituted l,2-diamino-cyclobutene-3,4-diones are 

described in the following publications: Tietze et al., Chem Ber. 1991, 124, 1215; 
Tietze et al., Bioconjugate Chem. 1991, 2, 148; Ehrhardt et al., Chem. Ber. 1977, 7/0, 
2506, and Neuse et al., Liebigs Ann. Chem. 1973, 619. For example, Neuse et al. 
discloses l-phenylamino-2-dimethyIamino-cyclobut-l-ene-3,4-dione. The 

25 compounds of the present invention differ from the Neuse et al. compound in that 
they are N-acylated and they are useful as smooth muscle relaxants. 

Description of The Invention 

30 In accordance with the present invention, there is provided a group of 

compounds represented by the formula (I): 
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a) 

wherein: 

Rl and R2 are, independent from each other, hydrogen, Cl-10 straight 
chain alkyl, CMO branched alkyl , or C3-10 cyclic or bicyclic 
5 alkyl; 

R3 is an acyl substituent selected from the group consisting of formyl, 
alkanoyl of 2 to 7 carbon atoms, alkenoyl of 3 to 7 carbon 
atoms, alkylsulfonyl of 1 to 7 carbon atoms, aroyl of 7 to 12 
10 carbon atoms, arylalkenoyl of 9 to 20 carbon atoms, 

arylsulfonyl of 6 to 12 carbon atoms, arylalkanoyl of 8 to 12 
carbon atoms or aiylalkylsulfonyl of 7 to 12 carbon atoms; 



A is selected from the group consisting of: 



15 
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wherein: 

R4 is hydrogen, Q-6 alkyl, Ci-6 perfluoroalkyl, Ci-6 alkoxy, 
5 Ci-6 perfluoroalkoxy, amino, Ci-6 alkylamino, 

C2-12 dialkylamino, Ci-6 alkylsulfonamido, alkyl- 
carboxamido containing 2 to 7 carbon atoms, 
nitro, cyano, carboxyl; 



10 



or, A is a phenyl group of the following formula: 
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wherein: 

R5 and R6, independent from each other, are selected from the 
5 following: cyano, nitro, amino, Ci-6 alkyl, 

Ci-6 perfluoroalkyl, Ci-6 alkoxy, Ci-6 perfluoroalkoxy, 

Ci-6 alkylamino, C2-12 dialkylamino, sulfamyl, 
Ci-6alkyisulfonamido t C6-12 arylsulfonamido, 
alkylcarboxamido containing 2 to 7 carbon atoms, 
jq arylcarboxamido containing 7 to 13 carbon atoms, 

C2-6 alkanoyl, Ci-6 alkylsulfonyl, Ci-6 perfluoro- 
alkylsulfonyl, C6-12 arylsulfonyl, chloro, bromo, fluoro, 
iodo, 1-imidazolyl, carboxyl or hydrogen; 
or a pharmaceutically acceptable salt thereof. 

15 

A preferred aspect of this invention includes compounds of formula (I) 
wherein: 

Rl and R2 are as stated above; 
20 A is selected from the following: 
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wherein: 

R4 is as stated above; 

5 

or, A is a phenyl group of the following formula: 

R5 and R6» independent from each other, are selected from the 
following: cyano, nitro, amino, chloro, bromo, fluoro, iodo, 1- 
imidazolyl, alkyl of 1 to 6 carbon atoms, alkoxy of 1 to 6 
carbon atoms, perfluoroalkyl of 1 to 6 carbon atoms, alkanoyl 
of 2 to 6 carbon atoms, carboxyl or hydrogen; 




10 wherein: 



15 



or a pharmaceutical^ acceptable salt thereof. 
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The most preferred aspect of this invention includes compounds of formula 
(I) wherein: 

Rl and R2 are as stated above; 
5 A is selected from the following: 




wherein: 

10 R4 is as stated above; 

or, A is a phenyl group of the following formula: 




15 wherein: 

R5 and R6> independent from each other, are selected from the 
following: cyano, nitro, amino, chloro, bromo, fluoro, iodo, 1- 
imidazolyl, alkyi of 1 to 6 carbon atoms, alkoxy of 1 to 6 
carbon atoms, perfluoroalkyl of 1 to 6 carbon atoms, alkanoyl 
20 of 2 to 6 carbon atoms, carboxyl or hydrogen; 

or a pharmaceutical^ acceptable salt thereof. 
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10 



15 



It is understood that the definition of the compounds of formula (I) f when Ri, 
R2» R3» R4- or R5 contain asymmetric carbons, encompass all possible stereoisomers 
and mixtures thereof which possess the activity discussed below. In particular, it 
encompasses racemic modifications and any optical isomers which possess the 
indicated activity. Optical isomers may be obtained in pure form by standard 
separation techniques or enantiomer specific synthesis.. The compounds of this 
invention, throughout this specification, are equivalentiy name as 3,4-diones or 1,2- 
diones. The pharmaceutical^ acceptable salts of the basic compounds of this 
invention are those derived from such organic and inorganic acids as: lactic, citric, 
acetic, tartaric, succinic, maleic, malonic, hydrochloric, hydrobromic, phosphoric, 
nitric, sulfuric, methanesulfonic, and similarly known acceptable acids. Where R3 
R4, or R5 is a carboxyl group, salts of the compounds of this invention may be 
formed with bases such as alkali metals (Na, K, Li) or the alkaline earth metals (Ca or 
Mg). 

The present invention also provides a process for the preparation of a 
compound of formula (I). More particularly, the compounds of formula (I) may be 
prepared by reacting a compound of formula (Ila): 



20 



At 



N 
I 

R a3 



(Ha) 



25 



wherein X is a leaving group, for example, methoxy, ethoxy, isopropoxy, halogen or a 
similar leaving group and A] is A and R a 3 is R3, as defined hereinbefore or a group 
of atoms convertible thereto, with a compound of formula (IV): 



HN 



(IV) 
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wherein R a l and Ra2 arc Ri and R2. respectively, as defined hereinbefore or a group 
of atoms convertible thereto and, where appropriate, converting Ai into A or 
converting R a l into R\ or converting R a 2 »n«> ^2, followed by reacylation if 
5 necessary and, where desired, converting a compound having formula (I) into a 
pharmaceutically acceptable salt thereof or converting a salt of a compound having 
formula (I) into a compound having formula (I). 

The compounds having formula (Ha) may be prepared by reaction of a 
10 compound of formula 01): 



15 



(ID 

where X is as defined above with a compound of formula (ID): 

(HI) 



A 1 NH 2 



wherein A i is as defined above, followed by acylation to provide Ra3- Of course, 
acylaiion may also be conducted after reaction of the Ai substituted compound with 
20 HNRalRa2- 

The reactions mentioned above may be carried out in a solvent such as 
acetonitrile, methanol or ethanol at elevated or ambient temperatures. 

25 As mentioned previously, the compounds of formula (I) and their 

pharmaceutical^ acceptable salts have been found to relax smooth muscle. They are 
therefore useful in the treatment of disorders associated with smooth muscle 
contraction, disorders involving excessive smooth muscle contraction of the urinary 
tract (such as incontinence), or of the gastro-intestinal tract (such as irritable bowel 

30 syndrome), asthma, and hair loss. Furthermore, the compounds of formula (I) are 
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active as potassium channel activators which render them useful for treatment of 
peripheral vascular disease, hypertension, congestive heart failure, stroke, anxiety, 
cerebral anoxia and other neurodegenerative disorders. 

5 The present invention accordingly provides a pharmaceutical composition 

which comprises a compound of this invention in combination or association with a 
pharmaceutically acceptable carrier. In particular, the present invention provides a 
pharmaceutical composition which comprises an effective amount of a compound of 
this invention and a pharmaceutically acceptable carrier. 

10 

The compositions are preferably adapted for oral administration. However, 
they may be adapted for other modes of administration, for example, parenteral 
administration for patients suffering from heart failure. 

15 in order to obtain consistency of administration, it is preferred that a 

composition of the invention is in the form of a unit dose. Suitable unit dose forms 
include tablets, capsules and powders in sachets or vials. Such unit dose forms may 
contain from 0.1 to 100 mg of a compound of the invention and preferably from 2 to 
50 mg. Still further preferred unit dosage forms contain 5 to 25 mg of a compound of 

20 the present invention. The compounds of the present invention can be administered 
orally at a dose range of about 0.01 to 100 mg/kg or preferably at a dose range of 0.1 
to 10 mg/kg. Such compositions may be administered from 1 to 6 times a day, more 
usually from 1 to 4 times a day. 

25 The compositions of the invention may be formulated with conventional 

excipients, such as a filler, a disintegrating agent, a binder, a lubricant, a flavoring 
agent and the like. They are formulated in conventional manner, for example, in a 
manner similar to that used for known antihypertensive agents, diuretics and p- 
blocking agents. 

30 

The present invention further provides a compound of the invention for use as 
an active therapeutic substance. Compounds of formula (I) are of particular use in the 
induction of smooth muscle relaxation. 
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The present invention further provides a method of treating smooth muscle 
disorders in mammals including man, which comprises administering to the afflicted 
mammal an effective amount of a compound or a pharmaceutical composition of the 
invention. 

5 

The following examples are presented to illustrate rather than limit the 
methods for production of representative compounds of the invention. 

FY AMPLE 1 
10 |V.f4.rv a no- nhPnvn-N^^ 

rvrlohiiNl -en vP-nron ion amide 

4-Aminobenzonitrile (17.58 g, 149 mmol) was added to a solution of 3,4- 
diethoxy-3-cyclobutene-l^-dione (25.31 g, 149 mmol) in absolute cthanol (450 mL). 

15 The mixture was heated at reflux overnight and the resulting suspension filtered hot to 
remove a small amount of a dirty yellow solid (discarded). The filtrate was gradually 
concentrated to afford several crops of 4-(3,4-dioxo-2-ethoxy-cyclobut-l-enylamino)- 
benzonitrile, as a bright yellow solid, which were collected by filtration and 
combined. Yield: 29.11 g (81%): *H NMR (DMSO-d 6 ): 5 11.07 (s, 1H), 7.81 (d, 

20 2H), 7.56 (d, 2H), 4.79 (q, 2H), 1.46 (t, 3H). 

To the product of the preceding paragraph (13.00 g, 53.7 mmol) in ethanol 
(360 mL) was added 2-amino-3,3-dimethylbutane (7.2 mL, 54 mmol). The mixture 
was heated at reflux overnight. Gradual concentration of the reaction solution 
25 afforded two crops of 4-[3,4-dioxo-2-(l,2,2-trimethyl-propylamino)-cyclobut-l- 
enylaminol-benzonitrile, as a yellow precipitate, which were collected by filtration 
and combined. Yield: 11.34 g (71%): ! H NMR (DMSO-d$): 6 9.89 (s, 1H), 7.78 (d, 
2H), 7.72 (d, 1H), 7.60 (d, 2H), 3.96 (m, 1H), 1.18 (d, 3H). 0.91 (s, 9H). 

30 To a solution of the product of preceding paragraph (1.20 g, 4.04 mmol) in 

N t N-dimethylformamide (36 mL) was added, in one portion, sodium hydride (as a 
60% dispersion in mineral oil; 0.179 g, 4.48 mmol). The frothy suspension was 
stirred at room temperature for 15 minutes and then at 0°C for an additional hour. 
Propionic anhydride (0.57 mL, 4.45 mmol) was added and the reaction mixture was 
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stirred at 0°C for 15 minutes and then allowed to warm to room temperature. After 
stirring overnight, the reaction mixture was concentrated. The resulting residue was 
taken up in methylene chloride and washed with aqueous sodium bicarbonate, brine 
and water. The organic layer was dried (Na2S0 4 ) and concentrated to afford a yellow 
5 foam which was purified by chromatography (CH3OH/CH2CI2) and trituration (Et 2 0) 
to afford 0.68 g (48%) of N-(4-cyano-phenyl)-N-[3,4-dioxo-2-(U2,2-trimethyl- 
propylamino)-cyclobut-l-enyl]-propionamide as a light yellow solid: mp 21 1-214°C 
; 1H NMR (CDC1 3 ): 6 7.81 (d, 2H), 7.50-7.42 (m, 3H), 4.28 (m, 1H), 2.18 (m t 2H), 
1.26 (d, 3H), 1.10 (t, 3H), 1.00 (s, 9H). IR (KBr): 3330, 2230, 1800, 1740, 1690, 
10 1620 cm- 1 ; MS (m/z) 353 (M+). 

Elemental analysis for C20H23N3O3 

Calc d: C, 67.97; H, 6.56; N, 1 1.89. 
Found: C, 67.77; H, 6.35; N, 1 1.87. 

15 

EXAMPLE 2 

N-r4.rv a no-nhenvn.N>r3.4>dioxo>2-n.2.2^rimethv1-nronvlamino)- 
cvclnhut-l-envt 1-benzamide 

20 To a solution of the intermediate produced in Example 1, second paragraph 

(1.20 g, 4.04 mmol) in N,N-dimethylformamide (36 mL) was added, in one portion, 
sodium hydride (as a 60% dispersion in mineral oil; 0.178 g, 4.45 mmol). The frothy 
suspension was stirred at room temperature for 15 minutes and then at 0°C for an 
additional hour. Benzoic anhydride (1.01 mL, 4.46 mmol) was added and the reaction 

25 mixture was stiired at 0°C for 15 minutes and then allowed to warm to room 
temperature. After stirring overnight, the reaction mixture was concentrated. The 
resulting residue was taken up in methylene chloride and washed with aqueous 
sodium bicarbonate, brine and water. The organic layer was dried (Na2S04) and 
concentrated to afford a yellow foam which was purified by chromatography 

30 (CH3OH/CH2CI2) and trituration (diethyl ether) to afford 0.71 g (44%) of product as 
a pale yellow solid: mp 229-23 1°C ; *H NMR (CDC1 3 ): 6 7.61-7.22 (m, 9H), 7.77 
(d, 1H), 4.37 (m, 1H), 1.28 (d, 3H), 1.02 (s, 9H). IR (KBr): 3300, 2240, 1790, 1730, 
1675, 1610 cm-'; MS (nVz) 401 (M + ). 
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Elemental analysis for C24H23 N 3°3 

Calc'd: C, 71.80; H, 5.74; N, 10.47. 
Found: C, 71.49; H, 5.91; N, 10.18. 

5 EXAMPLES 

N -(d.rv a no.D fi f nr n - N - n Mr^ vn - 7 - f1 11 ' trimpthvl ' n ^ nYlam ' no) ' 

m |ftft.it.l.»nvn-mfthpp«»<»lfnnamide 

To a solution of the intermediate of Example 1, second paragraph (1.20 g, 
10 4.04 mmol) in N,N-dimethylformamide (36 mL) was added, in one portion, sodium 
hydride (as a 60% dispersion in mineral oil; 0.178 g, 4.45 mmol). The frothy 
suspension was stirred at room temperature for 15 minutes and then at 0°C for an 
additional hour. Methanesulfonic anhydride (0.82 g, 4.71 mmol) was added and the 
reaction mixture was stirred at 0°C for 15 minutes and then allowed to warm to room 
15 temperature. After stirring overnight, the reaction mixture was concentrated. The 
resulting residue was taken up in methylene chloride and washed with aqueous 
sodium bicarbonate, brine and water. The organic layer was dried (Na 2 S0 4 ) and 
concentrated to afford a yellow foam which was purified by chromatography 
(CH3OH/CH2CI2) and trituration (diethyl ether) to afford 0.71 g (47%) of product as 
20 an off-white solid: mp 190-191°C ; >H NMR (CDCI3): 5 7.79 (d, 2H). 7.54 (d, 2H), 
6.77 (d, 1H), 4.29 (m, 1H), 3.24 (s, 3H), 1.24 (d, 3H), 0.96 (s, 9H). IR (KBr): 3350. 
2220. 1800. 1725. 1610 cm* 1 ; MS (m/z) 375 (M + ). 

Elemental analysis for C18H21N3O4S 
25 Calc'd: C, 57.58; H, 5.64; N, 11.19. 

Found: C, 57.60; H, 5.61; N, 1 1.10. 

FV AMPLE 4 

|M.r4.rv i .no.ph < >nvn.N.r3. 4 .Hinv».2.fi.i.?.trimethvl-nronvlaininQ)- 
30 fvclohuM- fnYP- ff>rmamide 

To a solution of the intermediate of Example 1, second paragraph (1.20 g, 
4.04 mmol) in N,N-dimethylformamide (36 mL) was added, in one portion, sodium 
hydride (as a 60% dispersion in mineral oil; 0.178 g, 4.45 mmol). The frothy 
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suspension was stirred at roomtcmperature for 15 minutes and then at 0°C for an 
additional hour. Trifluoromethanesulfonic anhydride (0,75 mL, 4.46 mmol) was 
added and the reaction mixture was stirred at 0°C for 15 minutes and then allowed to 
warm to room temperature. After stirring overnight, the reaction mixture was 
5 concentrated. The resulting residue was taken up in methylene chloride and washed 
with aqueous sodium bicarbonate and water. Recovered starting material, which 
precipitated as a yellow solid during workup, was filtered away. The organic layer 
was dried (Na2S04) and concentrated to afford a brown residue which was purified by 
chromatography (CH3OH/CH2CI2), trituration (diethyl ether) and recrystallization 
1Q (EtOAc/Hex) to afford 0.12 g (9%) of product as a light yellow solid: mp 187-190°C 
; 1H NMR (CDCI3): 6 10.28 (s, 1H), 8.33 (s, 1H), 7.67 (d, 2H), 7.58 (d, 2H), 5.07 (m, 
lH) f 1.55 (d, 3H), 1.04 (s, 9H). IR (KBr): 3400, 2220, 1800, 1740, 1690, 1620 cm*; 
MS (m/z) 325 (M+). 

15 Elemental analysis for C18H19N3O3 

Calc d: C, 66.44; H, 5.89; N, 12.91. 
Found: C. 66.29; H, 5.76; N, 12.74. 

EXAMPLES 

20 Hfrttanoic ad d f4-cvann-nhenv1Vr3.4.dioyo>2>n.2.2-trimethvi- 

prnnvlaminnWvclohuM>envn-amide 



To a suspension of the intermediate of Example 1, second paragraph (0.70 g, 
2.35 mmol) in pyridine (9 mL) was added hexanoic anhydride (1.50 mL, 6.48 mmol). 

25 The mixture was stirred overnight, stripped free of solvent and diluted with diethyl 
ether. A yellow solid (recovered starting material) which remained undissolved was 
filtered away. The filtrate was concentrated, dissolved in methylene chloride and 
stirred vigorously in the presence of an equal volume of dilute aqueous sodium 
bicarbonate. After 30 minutes the organic layer was removed, dried (Na2SC>4) and 

30 concentrated. The resulting yellow film was purified by chromatography 
(CH3OH/CH2CI2) to afford 0.43 g (46%) of product as a pale yellow solid: mp 51- 
65°C ; *H NMR (CDCI3): 6 7.81 (d, 2H), 7.48-7.38 (m, 3H), 4.28 (m, 1H), 2.13 (m, 
2H), 1.60 (m, 2H), 1.29-1.13 (m, 7H), 0.99 (s, 9H), 0.86 (t, 3H). IR (KBr): 3340, 
2230, 1800, 1725, 1610 cm-1; MS (m/z) 395 (M+). 
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Elemental analysis for C23H29N3O3 

Calc'd: C 69.85; H, 7.39; N, 10.62. 
Found: C, 69.69; H, 7.35; N, 10.50. 

5 

FVAMPLE6 

N./4.rv a nn.nb Anvl^.N.r^.4.rtinT0.2.n^.2.triTnpthv|.nn>nYlaminQ)- 
*»vHnhitt.1.»nvn.isnhufvrainide 

10 To a solution of iso-butyric anhydride (0.42 mL, 2.53 mmol) in pyridine (9 

mL) was added the intermediate of Example 1, second paragraph (0.75 g, 2.52 mmol). 
After stirring overnight additional anhydride (3.8 mL, 22.9 mmol) was added and 
stirring was continued for a second day. The mixture was stripped free of solvent and 
diluted with diethyl ether. A yellow solid (recovered starting material) which 

15 remained undissolved was filtered away. The filtrate was concentrated and the 
resulting yellow oil was purified by chromatography (CH3OH/CH2CI2) and trituration 
(diethyl ether) to affoid 0.47 g (51%) of product as a pale yellow solid: mp 175- 
176°C ; 1H NMR (CDCI3): 5 7.81 (d, 2H), 7.47 (d, 2H), 7.42 (d, 1H), 4.28 (m, 1H), 
2.52 (m, 1H), 1.27 (d, 3H), 1.10 (m, 6H), 1.00 (s, 9H). IR (KBr): 3330. 2230, 1800, 

20 1730, 1680, 1610 cm*»; MS (m/z) 367 (M+). 

Elemental analysis for C21H25N3O3 

Calc'd: C, 68.64; H, 6.86; N, 1 1.44. 
Found: C, 68.34; H, 6.75; N, 1 1.26. 

25 

EXAMPLE 7 

N.fd.rvano-nhPnvn.N.r3 4.riinvn.2.ni-2.trinigthvl.nronvlaininQ) 
f vr1nhiit.1-<»nvM-3-phPnvl.arrvlamide 

30 To a suspension of the intermediate of Example 1, second paragraph (0.50 g, 

1.68 mmol) in pyridine (6 mL) was added cinnamic anhydride (0.94 g, 3.38 mmol). 
After stirring overnight, the mixture was concentrated. The resulting residue was 
taken up in methylene chloride and washed with aqueous sodium bicarbonate and 
water. The organic layer was dried (Na 2 S0 4 ) and concentrated to afford a yeHow 
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gum which was purified by chromatography (CH3OH/CH2CI2) and trituration 
(diethyl ether) to afford 0.24 g (47%) of product as an off-white solid: mp 235- 
237°C ; *H NMR (CDCI3): 6 7.80-7.61 (m, 3H), 7.50-7.32 (m, 8H), 6.21 (d, 1H), 
4.32 (m, 1H), 1.29 (d, 3H), 1.03 (s, 9H). IR (KBr): 3330, 2220, 1800, 1730, 1620, 
5 1600 cm- 1 ; MS (m/z) 427 (M + ). 

Elemental analysis for C26H25N3O 3 .(0.06 CH 2 Cl2).(0.13 Et 2 0) 
Calc'd: C, 72.19; H, 6.02; N, 9.50. 
Found: C, 72.23; H, 5.96; N, 9.58. 

10 

EXAMPLE 8 

M- r4>rvann,ph^nvlVN> n.4>dSnxo.2>f1^2>trimethvl-nn)nvlamino)> 
rvHnhiit-1-envlaminnWarhainic acid ethvl ester 

15 To a stirred solution of trimethylacetic acid (0.38 g, 3.72 mmol) in 

tetrahydrofuran (5 mL) at 0°C was added, in order, N,N-diisbpropylethylamine (0.65 
mL, 3.73 mmol) and (after 10 minutes) ethyl chloroformate (0.36 mL, 3.77 mmol). 
The resulting suspension of trimethylacetyl ethyl carbonate was stirred for 30 minutes 
before use in the following step. 

20 

To a solution of the intermediate of Example 1, second paragraph (1.00 g, 
3.36 mmol) in N,N-dimethylformamide (30 mL) was added, in one portion, sodium 
hydride (as a 60% dispersion in mineral oil; 0.150 g, 3.75 mmol). The frothy 
suspension was stirred at room temperature for 15 minutes and at 0°C for an 

25 additional hour. The mixed anhydride suspension prepared in the preceding 
paragraph was added all at once. After stirring at room temperature overnight, 
additional sodium hydride (0.134 g, 3.35 mmol) was added and stirring was continued 
for a second night. The reaction solution was concentrated and the resulting residue 
was taken up in methylene chloride and washed with aqueous sodium bicarbonate and 

30 water. Unreacted starting material, which precipitated as a yellow solid during 
workup, was filtered away. The organic layer was dried (Na 2 S0 4 ) and concentrated 
to afford a brown gum which was purified by chromatography (CH3OH/CH2CI2) and 
trituration (diethyl ether) to afford 0.20 g (16%) of N-(4-cyano-phenyl)-N-[3,4-dioxo- 
2- (l,2^-trimethyWpropylamino)-cyclobut-l-enyl]-carbamic acid ethyl ester as a white* 
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solid: mp 158-159°C ; NMR (DMSO-d 6 ): 6 8.18 (d, 2H), 7.88 (d, 2H), 7.59 (d, 
2H), 4.35-4.07 (m, 3H), 1.23 (t, 3H), 1.19 (d, 3H), 0.91 (s, 9H). IR (KBr): 3340, 
2230, 1800, 1720, 1620 cm" »; MS (m/z) 369 (M+). 

5 Elemental analysis for C20H23N3O4 

Calc'd: C, 65.03; H, 6.28; N, 1 1.37. 
Found: C, 64.97; H, 6.19; N, 1 1.17. 

EXAMPI.FQ 

10 N-f4-CYanO»Dhenvn.N-f3.4.dio y n-2./1?.2.trimPthv1. p ronvl a minnWvHnh.,»-1. 

emUiafigtamidg 

The intermediate of Example 1, second paragraph (1.0 g, 3.36 mmol), acetic 
anhydride (0.95 mL. 10.0 mmol), and pyridine (10 mL) were mixed and allowed to 
stand at room temperature for 24 hours. The reaction mixture was filtered, and the 
solid was washed with ethyl acetate yielding 0.84 g (76%) of a yellow solid: mp 284- 
286°C (dec); >H NMR (CDCI3): 5 7.82 (d, 2H). 7.47 (d, 2H), 7.38 (br d, 1H), 4.27 
(dq, 1H), 2.02 (s, 3H), 1.25 (d, 3H). 0.99 (s, 9H). IR (KBr): 3358, 2978, 2236, 1804, 
1739, 1685, 1614 cm" 1 ; MS (m/z) 339 (M+). 

Elemental analysis for C19H21N3O3 

Calcd: C, 67.24; H, 6.24; N. 12.38 
Found: C, 67.15; H. 6.19; N, 12.38 

EXAMPI.F 1ft 

(RV(-)-N-f4-CYanO-Dhenvl).N-r3.4.dioxn.2.n.2 2. t r?m e thvl.nrnnvl a mm^. 

cvclnhnf.l.Pnvn.arPfnmiHp 

4-(3,4-Dioxo-2-ethoxy-cyclobut-l-enylamino)-benzonitrile (1 g, 4.1 mmol) 
30 and a solution of (R)-1.2,2-trimethylpropylamine (8.2 mmol) in ethanol (50 mL) were 
stirred at room temperature for 24 hours. The resulting yellow slurry was filtered and 
rinsed with ethyl acetate to yield 0.92 g (75%) of (+)-(R)-4-[3,4-dioxo-2-( 1,2,2- 
trimethyl-propylamino)-cyclobut-l-enylamino]-benzonitrile as a yellow solid: 



15 



20 



WO 96/15103 



PCT/US95/13125 



- 17- 



spectral data was identical to the product of Example 1, paragraph 2, except with [a] J? 
= + 12° (DMSO, c 0.009). 

(R)-(->N-(4-Cyano-phenyl)-N-[3,4-dioxo-2-( 1 ^,2-trimethyl-propylamino)- 
cyclobut-l-enyl]-acetamide was prepared according to the procedure described in 
Example 9. From the intermediate of the preceding paragraph (0.22g, 0.74 mmol) 
and acetic anhydride (0.21 mL, 2.2 mmol) in pyridine (2.2 mL) there was obtained 0.1 
g (40%) of a yellow solid: spectral data was identical to the product of Example 9, 
except with [a]? = - 264° (DMSO, c 0.009). 

FYAMPIF.il 

N.M.rv a no.nhenvl^N.ri.4-dinxo.2.isonronvlamino-cvclQhllt-1-Pnvll-acetainide 

4-(3,4-Dioxo-2-ethoxy-cyclobut-l-enylamino)-benzonitrile (1 g, 4.1 mmol) 
and isopropylamine (5 g, 84.6 mmol) in acetonitrile (125 mL) were stirred at room 
temperature for 24 hours. The resulting yellow slurry was filtered to give 0.78 g 
(31%) of 4-[3,4-dioxo-2-isopropylamino)-cyclobut-l-enylamino]-benzonitrile as a 
yellow solid: mp 290-292°C (dec); »H NMR (DMSOd 6 ): 5 9.89 (br s, 1H), 7.77 (d 
overlapping a br d, 3H), 7.58 (d, 2H), 4.19 (m, 1H), 1.25 (d, 6H). IR (KBr): 3200, 
3178, 2239, 1794, 1665, 1608, 1576, 1524 cnr»; MS (m/z) 255 (M+). 

Elemental analysis for C14H13N3O2 

Calc d: C, 65.87; H, 5.13; N, 16.46 
Found: C, 65.39; H.4.92; N, 16.41 
25 

N-(4-Cyano-phenyl)-N-[3,4-dioxo-2-isopropylamino)-cyclobut-l-enyl]- 
acetamide was prepared according to the procedure described in Example 9. From the 
reactant of the preceding paragraph (0.15 g, 0.59 mmol) and acetic anhydride (0.28 
mL, 2.9 mmol) in pyridine (1.8 mL) there was obtained 0.1 g (57%) of pale yellow 
30 crystals: mp 187-188°C; l H NMR (CDCI3): 5 7.82 (d, 2H), 7.45 (d, 2H), 7.22 (br d, 
1H), 4.57 (m, 1H), 2.00 (s, 3H), 1.33 (d, 6H). IR (KBr): 3339, 2980. 2239, 1760, 
1734, 1695, 1620 cm- 1 ; MS (m/z) 297 (M+). 
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Elemental analysis for C16H15N3O3 

Calc'd: C, 64.64; H, 5.08; N, 14.13 
Found: C, 6432; H, 4.83; N, 14.13 

5 EXAMPLE 12 

N-f2-FAcetvl-(2.233J3-pentanuoro.^ 

f4-CYanft-phenYl)-a«tamide 

4-(3,4-Dioxo-2-ethoxy-cyclobut-l-enylamino)-benzonitrile (1 g, 4.1 mmol) 
10 . and 2,2,3,3,3-pentafluoropropylamine (3 mL) in cthanol were refluxed for 24 hours. 
The reaction mixture was filtered and the resulting solid was triturated with diethyl 
ether to give 1.0 g (71%) of 4-[3,4-dioxo-2-(2,2,3,3,3-pentafluoro-propylamino)- 
cyclobut-l-enylamino]-benzonitrile as a yellow solid: nip 272-275°C (dec); *H 
NMR (DMSO-d*): 8 10.15 (br s, 1H), 8.19 (br s. 1H), 7.81 (d, 2H), 7.79 (d, 2H), 
15 4.54 (dt, 2H). IR (KBr): 3185 f 2239, 1804, 1672, 1608, 1565, 1548 cm* 1 ; MS (m/z) 
346 ([M+H]+). 

Elemental analysis for C14H8F5N3O2 

Calc'd: C, 48.71; H.2.34; N, 12.17 
20 Found: C, 48.89; H, 2.1 1; N, 12.21 

The product of the preceding paragraph (0.13 g, 0.38 mmol), acetic anhydride 
(0.1 1 mL, 1.1 mmol), and pyridine (1.1 mL) were mixed and allowed to stand at room 
temperature for 24 hours. The reaction mixture was diluted with ethyl acetate, 

25 filtered, and concentrated under reduced pressure. The resulting residue was taken up 
in hot ethyl acetate and filtered hot. The solution was allowed to cool to room 
temperature and hexanes was added to aid in the crystallization. The solid was 
filtered and rinsed sparingly with ethyl acetate to give 0.10 g (63%) of N-{2-[acetyl- 
(2^,3,3,3-pentafluoro-propyl)-amino]-3,4«dioxo-cyclobut- 1 -enyl } -N-(4-cyano- 

30 phenyl)-acctamide as a pale yellow solid: mp 187-195°C (dec); lH NMR (CDCI3): 
5 7.83 (d, 2H), 7.53 (d, 2H), 4.82 (br m, 2H), 2.37 (s, 3H), 2.07 (s, 3H). IR (KBr): 
3435, 2237, 1805, 1772, 1734, 1707, 1603 cm*; MS (m/z) 429 (M+). 
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Elemental analysis for C18H12F5N3O4 

Calcd: C, 50.36; H.2.82; N.9.79 
Found: C, 50.62; H.2.64; N,9.86 

5 EXAMPLE 13 

N.f4.rvano-nhgnvn.N.r2.ri.2.dimerhvl.nronvlaminnUT4.dio«n.cvc1obut-l- 

emlLacetainids 

This compound was prepared according to the procedure described in 
10 Example 11, first paragraph. 4-(3,4-Dioxo-2-ethoxy-cyclobut-l-enylamino)- 
benzonitrile (1 g, 4.1 mmol) and (±)-l t 2-dimethylpropylamine (5 g, 57.4 mmol) in 
acetonitrile (125 mL) there was obtained after trituration with methanol 0.28 g (24%) 
of 4-[2-( 1 ,2-dimethyl-propylamino)-3,4-dioxo-cyclobut- 1 -enylamino)-benzonitrile as 
a yellow solid: mp 222-224°C; *H NMR (DMSO-d 6 ): 5 9.89 (or s, 1H), 7.78 (d, 
15 2H), 7.73 (d, 1H), 7.59 (d, 2H), 3.98 (m, 1H), 1.76 (m, 1H), 1.19 (d, 3H), 0.90 (d, 
3H), 0.89 (d, 3H). IR (KBr): 2980, 2240, 1799, 1660, 1600, 1565, 1525 cnr>; MS 
(m/z) 283 (M + ). 

Elemental analysis for C16H17N3O2 
20 Calc d: C 67.83; H, 6.05; N, 14.83 

Found: C, 67.32; H, 5.94; N, 14.91 

N-(4-Cyano-phenyl)-N-[2-( 1 ,2-dimethyl-propylamino)-3,4-dioxo-cyclobut- 1 - 
enylj-acetamide was prepared according to the procedure described in Example 9. 

25 From the product of the preceding paragraph(0.27 g, 0.95 mmol) and acetic anhydride 
(0.27 mL, 2.9 mmol) in pyridine (2.9 mL) there was obtained 0.17 g (55%) of white 
crystals: mp 258-262°C (dec); »H NMR (CDCI3): 8 7.82 (d, 2H), 7.46 (d, 2H), 7.29 
(br d. 1H). 4.30 (m, 1H), 2.02 (s, 3H), 1.81 (m. 1H), 1.27 (d, 3H), 1.00 (d, 3H), 0.99 
(d, 3H). IR (KBr): 3337, 2967, 2228, 1804, 1739, 1685, 1620 cm-1; MS (m/z) 325 

30 (M+). 



Elemental analysis for C18H19N3O3 

Calc'd: C, 66.45; H, 5.87; N, 12.91 
Found: C, 66.48; H, 5.82; N, 12.79 
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EXAMPLE 14 

N.n.rviino.nhen vi^N.n.4.dioxo-2.ri.l.2.rrimelhvl.nronvt»TninoWvplohiit.1. 

envll-aretamide 

5 

3-Aminobenzonitrile (2.06 g, 17.4 mmol) and 3,4-diethoxy-3-cyclobutene-l,2- 
dione (2.97 g, 17.5 mmol) in absolute ethanol (50 mL) was refluxed overnight. The 
reaction mixture was filtered hot, then allowed to cool to room temperature. The 
resulting precipitate was filtered to give 3.4 g of a yellow solid which was used 

10 without further purification. This yellow solid (1 g, 4.1 mmol) and 2-amino-3,3- 
dimethylbutane (2 g, 19.8 mmol) in acetonitrile (125 mL) were stirred at room 
temperature for 24 hours. The reaction mixture was filtered to give 0.66 g (54%) of 
3-[3,4-dioxo-2-(l,2^-trimethyl-propylamino)-cyclobut-l-enylamino]-benronitrileas a 
pale yellow solid: mp 296-298°C (dec); »H NMR (DMSO-d 6 ): 5 9.79 (br s, 1H), 

15 7.94 (br s, 1H), 7.67 (d. 1H). 7.64 (dm, 1H), 7.53 (t, 1H), 7.45 (dm, 1H), 3.98 (m, 
1H), 1.17 (d, 3H), 0.91 (s, 9H). IR (KBr): 3193, 3148, 2974, 2228, 1793. 1673, 
1582, 1544 cm" 1 ; MS (m/z) 297 (M+). 

Elemental analysis for C17H19N3O2 
20 Calc'd: C, 68.67; H, 6.44; N, 14.13 

Found: C, 68.73; H, 6.36; N, 14.04 

N-(3-Cyano-phenyl)-N-[3,4-dioxo-2-(l,2,2-trimethyl-propylamino)-cyclobut- 
l-enyl]-acetamide was prepared according to the procedure described in Example 9. 
25 From the product of the preceding paragraph (0.18 g, 0.61 mmol) and acetic 
anhydride (0.28 mL, 3.0 mmol) in pyridine (1.8 mL) there was obtained 0.14 g (68%) 
of white crystals: mp 253-254°C; *H NMR (CDCI3): 6 7.81 (dt, 1H), 7.69-7.58 (m, 
3H), 7.41 (br d, 1H), 4.27 (m, 1H), 2.01 (s, 3H), 1.25 (d, 3H), 0.99 (s, 9H). IR (KBr): 
3337, 2965, 2237, 1804, 1739, 1684, 1619 cm"'; MS (m/z) 339 (M + ). 

30 

Elemental analysis for C19H21N3O3 

Calc'd: C, 67.24; H, 6.24; N, 12.38 
Found: C, 67.21; H.6.20; N, 12.38 
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FYAMPI.F. 13 

( R )-]SI.M.rv a nn.nh g n vn.N-r2.f1.cvr1nhi.xvl. < .thvl a iTiinn).3.4.di0X(>.CVClQhut-l- 

pnvn-aggtamide 

(R)-4-[2-( 1 -Cyclohexyl-cthylamino)-3,4-dioxo-cyclobut- 1-cnylamino] - 
benzonitrile was prepared according to the procedure described in Example 10, first 
paragraph. From 4-(3,4-dioxo-2-ethoxy-cyclobut-l-enylamino)-benzonitrile (0.36 g, 
1.5 mmol) and (R)-(-)-l-cyclohexylethylamine (0.29 mL, 1.95 mmol) in absolute 
ethanol (5 mL) there was obtained after trituration with hot methanol 0.31 g (64%) of 
a yellow solid: mp 275-280°C (dec); >H NMR (DMSO-d6): 6 9.87 (br s, 1H), 7.78 
(d, 2H), 7.72 (d, 1H), 7.59 (d, 2H), 3.96 (m, 1H), 1.78-1.66 (m, 4H), 1.62 (m, 1H), 
1.34 (m, 1H), 1.24-0.90 (m including a doublet at 5 1.20, 8H). IR (KBr): 3200, 2920, 
2850, 2220, 1790, 1660, 1600, 1560, 1528 cm '; MS (m/z) 323 (M + ). 

15 Elemental analysis for C19H21N3O2 

Calc'd: C, 70.57; H, 6.55; N, 12.99 
Found: C, 70.19; H, 6.60; N, 13.00 

This compound was prepared according to the procedure described in 
Example 12, second paragraph. From the product of the preceding paragraph (0.33 g, 
1.02 mmol) and acetic anhydride (0.29 mL, 3.06 mmol) in pyridine (3.1 mL) there 
was obtained 0.62 g (40%) of (R)-N-(4-cyano-phenyl)-N-[2-(l-cyclohexyl- 
ethylamino)-3,4-dioxo-cyclobut-l-enyl]-acetamide as a yellow solid: mp 194-198°C; 
[a]? = - 150.96° (DMSO, c 0.0084); »H NMR (CDC1 3 ): 5 7.82 (d, 2H), 7.46 (d, 
2H), 7.25 (br m, 1H), 4.28 (m, 1H), 2.02 (s, 3H), 1.87-0.94 (m including a doublet at 6 
1.27, 14H). IR (KBr): 3337, 2930. 2865, 2237, 1803, 1729, 1690, 1620 cm-»; MS 
(m/z) 365 (M + ). 

Elemental analysis for C21H23N3O3 
30 Calc'd: C, 69.02; H, 6.34; N, 11.50 

Found: C, 68.72; H, 6.10; N, 11.55 
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EXAMPI.K 16 

N.ri.Biitvlam8no..l.4.dinyo.gvclohiif.1.envn.N-M.CYann.nhpnvn.agetaTTiidP 



4-[2-Butylamino-3,4-dioxo-cyclobut-l-enylamino)-benzonitrile was prepared 
5 according to the procedure described in Example 11, first paragraph. From 4-(3,4- 
dioxo-2-ethoxy-cyclobut-l-enylamino)-benzonitrile (1 g, 4.1 mmol) and butylamine 
(3 g, 41.0 mmol) in acetonitrile (125 mL) there was obtained 0.64 g (58%) of a yellow 
solid: mp 256-258°C (dec); »H NMR (DMSO-d 6 ): 6 10.00 (br s, 1H), 7.81 (br s, 
1H), 7.77 (d, 2H), 7.57 (d, 2H), 3.60 (br q, 2H), 1.55 (quintet, 2H), 1.34 (sextet, 2H), 
10 0.90 (t, 3H). IR (KBr): 3240, 2980, 2240, 1800, 1670, 1625, cm* 1 ; MS (m/z) 269 
(M+). 



Elemental analysis for C15H15N3O2 

Calc'd: C, 66.90; H, 5.61; N, 15.60 
15 Found: C. 66.23; H, 5.80; N, 15.54 

N-(2-Butylamino-3,4-dioxo-cyclobut-l-enyl)-N-(4-cyano-phenyl)-acetamide 
was prepared according to the procedure described in Example 12, paragraph two. 
From the product of the preceding paragraph (0.16 g, 0.59 mmol) and acetic 
20 anhydride (0.28 mL, 2.96 mmol) in pyridine (1.8 mL) there was obtained 0.05 g 
(27%) of white solid: mp 194-196°C; >H NMR (CDCI3): 5 7.82 (d, 2H), 7.45 (d, 
2H), 7.34 (br m, 1H), 3.78 (q, 2H), 2.01 (s, 3H), 1.65 (quintet, 2H), 1.44 (sextet, 2H), 
0.98 (t, 3H). IR (KBr): 3315, 2957, 2228, 1796, 1727, 1696, 1598 cm-1; MS (m/z) 
311 (M+). 



Elemental analysis for C17H17N3O3 

Calc'd: C, 65.58; H, 5.50; N, 13.50 
Found: C, 65.45; H, 5.63; N, 13.45 
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EXAMPLE 17 

N.rendn>.r2.fBigyglor2.2.nhent.2.vlaTninf>V'<.4.dioi { o.rvclohut.1^nvn.N-r4. 

evano-nhgnvh-acotatnidP 

5 (endo)-4-[2-(Bicyclo[2.2. 1 ]hept-2-yIamino>3,4-dioxo-cyclobut- 1 -cnylamino]- 

benzonitrile was prepared according to the procedure described in Example 11, first 
paragraph. From 4-(3,4-dioxo-2-emoxy-cyclobut-l-enylamino)-benzonitrile (0.37 g, 
1.5 mmol) and (+)-endo-2-aminonorbornane (0.17 g, 1.5 mmol) in acetonitrile (30 
mL) there was obtained after trituration with diethyl ether 0.32 g (69%) of a yellow 
10 solid: mp 251-252°C (dec); »H NMR (DMSO-d 6 ): 5 9.88 (br s, 1H), 7.85 (d, 1H). 
7.78 (d, 2H), 7.60 (d, 2H), 4.35 (m, 1H), 2.36 (m, 1H), 2.23 (m, 1H), 2.2 (m, 1H), 
1.69-1.23 (m, 6H), 0.91 (m, 1H). IR (KBr): 3200, 2942, 2220, 1798, 1668, 1600, 
1565, 1535 cm-J; MS (m/z) 307 (M+). 

15 Elemental analysis for C18H17N3O2 

Calc'd: C, 70.34; H, 5.57; N, 13.67 
Found: C, 70.03; H, 5.38; N, 13.97 

N-(endo)-[2-(Bicyclo[2.2. 1 ]hept-2-ylamino)-3,4-dioxo-cyclobut- l-enyl]-N-(4- 
20 cyano-phenyl)-acetamide was prepared according to the procedure described in 
Example 9. From the product of the preceding paragraph (0.021 g, 0.068 mmol) and 
acetic anhydride (0.033 mL, 0.35 mmol) in pyridine (0.21 mL) there was obtained 
0.014 g (59%) of pale yellow solid: mp 282-285°C (dec); *H NMR (CDCI3): 8 7.82 
(d, 2H), 7.45 (d, 2H), 7.51 (br d, 1H). 4.63 (m, 1H), 2.48 (m, 1H), 2.31 (m, 1H), 2.20 
25 (m, 1H), 2.02 (s, 3H), 1.75-1.30 (m, 6H), 0.96 (m, 1H). IR (KBr): 3343, 2957, 2239, 
1803, 1730, 1690. 1620 cm-J; MS (m/z) 349 (M + ). 



30 



Elemental analysis for C20H19N3O3 

Calc'd: C, 68.75; H, 5.48; N, 12.03 
Found: C, 68.39; H, 5.39; N, 12.02 



WO 96/15103 



PCIYUS95/13125 



-24- 



FVAMP1R 18 

^■ f 2 -t fr«-«iitv»flmin n-^-4.riinxo-rvHnhnr.1w»nvn.N.nsoauinnlin-S-vn-»rPtaiTlide 

5-Aminoisoquinoline (4.24 g, 29.4 mmol) and 3.4-diethoxy-3-cyclobutene- 
5 1,2-dione (5 g, 29.4 mmol) in absolute ethanol (100 mL) were refluxed overnight. 
The reaction mixture was filtered to give 2.3 g of a solid which was used without 
further purification. This solid (0.3 g, 1.12 mmol) in rm-butylamine (50 mL) was 
refluxed for 3 hours. The reaction mixture was concentrated and triturated with 
diethyl ether to give 0.12 g (39%) of 3-tert-Butylamino-4-(isoquinolin-5-ylamino)- 
10 cyclobut-3-ene- 1,2-dione as a white solid 0.125 hydrate: mp 268-270°C (dec); *H 
NMR (DMSO-d 6 ): 6 9.75 (s, 1H), 9.35 (s. 1H), 8.62 (d, 1H), 8.19 (s. 1H), 8.01 (d, 
1H), 7.88 (d, 1H), 7.80 (d, 1H), 7.68 (t, 1H), 1.47 (s. 9H). IR (KBr): 3200. 1785, 
1670, 1600 cm-1; MS (m/z) 295 (M+). 

15 Elemental analysis for C17H17N3O2 -0.125 H 2 0 
Calc'd: C, 69.14; H, 5.80; N, 14.23 
Found: C, 68.08; H.5.78; N, 13.75 

N-(2-tert-Butylamino-3,4-dioxo-cyclobut-l-enyl)-N-(isoquinolin-5-yl)- 
20 acetamide was prepared according to the procedure described in Example 12, second 
paragraph. From the product of the preceding paragraph (0.30 g, 1.0 mmol) and 
acetic anhydride (0.29 mL, 3.0 mmol) in pyridine (3 mL) there was obtained 0.18 g 
(53%) of off-white crystals: m P 210-213°C; »H NMR (CDCI3): 8 9.41 (s. 1H). 8.66 
(d, 1H), 8.19 (m, 1H), 8.09 (br s, IH), 7.81-7.72 (m, 2H), 7.59 (d, 1H), 1.89 (s, 3H), 
25 1.56 (s, 9H). IR (KBr): 3304, 2965. 1793, 1679, 1588 emrh MS (m/z) 337 (M + ). 

Elemental analysis for C19H19N3O3 

Calc'd: C, 67.64; H, 5.68; N, 12.46 
Found: C, 67.38; H, 5.65; N, 12.41 
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EXAMELE i» 

^■ (^ . ff r ^Biitvlflminn..^4.riiox»V fvrlnhiit-1.«»nvn.N.rnvridiii.3-vn- 

aretamide 

5 3-Aminopyridine (2.77 g, 29.4 mmol) and 3,4-diethoxy-3-cyclobutene-l,2- 

dionc (5 g, 29.4 mmol) in absolute ethanol (150 mL) were refluxed for 18 hours. The 
reaction mixture was concentrated and chromatographed in hexanes/ethyl acetate 
(1/4) to give 3.15 g of a white solid. This solid (2.6 g, 1 1.9 mmol) in rerr-butylamine 
(50 mL) was refluxed for 3 hours. The reaction mixture was concentrated and 

10 triturated with diethyl ether to give 1.05 g (36%) of 3-re«-butylamino-4-(pyridin-3- 
ylamino)-cyclobut-3-ene-l,2-dione as a white solid: mp 250-252°C (dec); l H NMR 
(DMSO-d 6 ): 5 8.57 (s, 1H), 8.23 (d, 1H), 7.96 (d, 1H), 7.37 (m, 1H), 1.43 (s, 9H). 
IR(KBr): 1790, 1685, 1600 cm" 1 ; MS (m/z) 245 (M + ). 

15 Elemental analysis for C13H15N3O2 

Calc'd: C, 63.66; H, 6.16; N, 17.13 
Found: C, 63.28; H, 6.22; N, 17.07 

N-(2-ten-Butylamino-3,4-dioxo-cyclobut-l-enyl)-N-(pyridin-3-yl)-acetamide 
20 was prepared according to the procedure described in Example 1 2, second paragraph. 
From the product of the preceding paragraph (0.20 g, 0.82 mmol) and acetic 
anhydride (0.23 mL, 2.5 mmol) in pyridine (2.5 mL) there was obtained 0.15 g (68%) 
of white crystals: mp 194-195°C; l H NMR (CDCI3): 8 8.74 (d, 1H), 8.62 (s, 1H), 
7.83 (br s. 1H), 7.70 (m, 1H), 7.47 (dd, 1H), 2.00 (s, 3H), 1.52 (s, 9H). IR (KBr): 
25 3435, 3298, 1799, 1741, 1685, 1598 cm-'; MS (m/z) 288 ([M+H] + ). 



Elemental analysis for C15H17N3O3 

Calc'd: C, 62.71; H. 5.96; N, 14.62 
Found: C, 62.78; H, 5.91; N, 14.67 
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EXAMPLF 20 

N-r3.4-Dioxo-2-n.2.2-frriniethvl.nronvlflminoWvrinhii«-l ^nvl1-N.r2.niethnxv-<;. 

trifluorotnPthvl.nhPnvn.arrtainirf» 

2-Methoxy-5-trifluoromethylaniline (5.62 g, 29.4 mmol) and 3,4-diethoxy-3- 
cyclobutene-l,2-dione (5 g, 29.4 mmol) in absolute ethanol (100 mL) were refluxed 
for 66 hours. The reaction mixture was filtered and the precipitate was 
chromatographed in methanol/methylene chloride to give 1.88 g of a yellow solid. 
This solid (1.0 g, 3.2 mmol) and 2-amino-3,3-dimethylbutane (0.43 mL, 3.2 mmol) in 
absolute ethanol (20 mL) were stirred at room temperature for 18 hours. The reaction 
mixture was concentrated and chromatographed with methylene chloride/methanol 
(96:4) to give 0.91 g (78%) of 3-ethoxy-4-(2-methoxy-5-trifluoromethyl- 
phenylamino)-cyclobut-3-ene-l,2-dione as a white solid: mp 143-155°C ; *H NMR 
(DMSO-d 6 ): 8 9.36 (s, 1H), 8.24 (d, 1H), 8.19 (d, 1H), 7.35 (dd, 1H), 3.99 (s, 3H), 
1.18 (d, 3H), 0.91 (s, 9H). IR (KBr): 3293, 2976, 1802, 1690. 1591, 1543 cm-1; MS 
(m/z) 370 (M+). 

Elemental analysis for C18H21F3N2O3 

Calc'd: C, 58.37; H, 5.72; N, 7.56 
20 Found: C, 57.98; H.5.65; N, 7.27 

N-[3,4-Dioxo-2-(l,2^-mmethyl-propylamino)-cyclobut-l-enyl]-N-(2- 
methoxy-5-trifluoromethyl-phenyl)-acetamide was prepared according to the 
procedure described in Example 12, second paragraph. From the product of the 
25 preceding paragraph (0.20 g, 0.54 mmol) and acetic anhydride (0.15 mL, 1.6 mmol) 
in pyridine (1.6 mL) there was obtained 0.16 g (73%) of white crystals: mp 76-79°C; 
1H NMR (CDCI3): 5 7.73 (dd, 1H), 7.53 (d, 1H), 7.38 (br d, 1H), 7.12 (d, 1H), 4.25 
(m, 1H), 3.92 (s, 3H), 1.96 (s, 3H). 1.24 (d, 3H), 1.00 and 0.99 (two singlets, 9H). IR 
(KBr): 3326, 2974, 1799, 1715, 1609 cm-1; MS (m/z) 412 (M+). 

30 

Elemental analysis for C20H23F3N2O4 

Calc'd: C, 58.25; H, 5.62; N, 6.79 
Found: C, 58.44; H, 5.85; N. 6.47 
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FY AMPLE 21 

^n/lM.N.r?.rRicv rtnr2.2.11hen*.7.vl a iiiinoV^.4.dioxo.cvclohut.l-envn-N- 

fpvrMm.4.vn.flcetaniide 

5 4-Aminopyridine (2.77 g, 29.4 mmol) and 3,4-diethoxy-3-cyclobutene-l,2- 

dione (5 g, 29.4 mmol) in absolute cthanol (100 mL) were refluxed for 4 hours. The 
reaction mixture was concentrated and chromatographed in ethyl acetate to give 0.63 
g of a white solid. This solid (0.33 g, 1.5 mmol) and (+)-(endo)-2-aminonorbornane 
(0.17 g, 1.5 mmol) in acetonitrile (30 mL) was stirred at room temperature for 24 

10 hours. The reaction mixture was filtered and triturated with diethyl ether to give 0.35 
g (36%) of (+J-(endo)-3-(bicyclo[2.2.1]hept-2-ylamino)-4-(pyridin-4-ylamino)- 
cyclobut-3-ene-l,2-dione as a pale yellow solid 1.56 hydrate: mp 270-277°C (dec); 
1H NMR (DMSO-de): 5 9.81 (br s, 1H), 8.41 (d, 2H), 7.88 (d, 1H), 7.44 (d, 2H), 
4.34 (m, 1H), 2.35 (m, 1H), 2.23 (m, 1H), 2.10 (m, 1H), 1.69-1.20 (m, 6H), 0.90 (m, 

15 1H). IR (KBr): 3365, 2957, 1799, 1691, 1630, 1599, 1533 cm-»; MS (m/z) 283 
(M+). 

Elemental analysis for C16H17N3O2 • 1-56 H2O 
Calc'd: C, 61.71; H, 6.51; N, 13.49 
20 Found: C, 61.76; H, 6.37 N, 13.27 



(endo)-N-[2- { Bicyclo[2.2. 1 ]hept-2-ylamino)-3,4-dioxo-cyclobut- 1 -enyl]-N- 
(pyridin-4-yl)-acetamide was prepared according to the procedure described in 
Example 12, second paragraph. From the product of the preceding paragraph (0.17 g, 
25 0.60 mmol) and acetic anhydride (0.28 mL, 3.0 mmol) in pyridine (1.8 mL) there was 
obtained 0.08 g (41%) of pale yellow solid: mp 192-194°C; *H NMR (CDCI3): 8 
8.80 (dd, 2H), 7.49 (br d, 1H), 7.30 (dd, 2H), 4.63 (m, 1H), 2.48 (m, 1H), 2.30 (m, 
1H), 2.19 (m. 1H), 2.06 (s, 3H), 1.75-1.30 (m, 6H), 0.97 (m, 1H). IR (KBr): 3348, 
2954, 1799, 1735, 1696, 1621 cnr»; MS (m/z) 325 «M+H] + ). 

30 

Elemental analysis for C18H19N3O3 

Calc'd: C, 66.45; H, 5.89; N, 12.91 
Found: C, 66.02; H, 5.87; N, 12.66 
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EXAMPT.RM 

N-(2-sec-ButY»aminQ-3.4-dioxo-cvclohiit.1-envn-N.r4.rv g n o.nhPnvi^ a rPt a in;rt«. 

4-[2-sec-Butylamino-3,4-dioxo-cyclobut-l-enylamino)-benzonitrile was 
5 prepared according to the procedure described in Example 11, first paragraph. From 
4-(3,4-dioxo-2-ethoxy-cyclobut-l-enylamino)-benzonitrile (1 g, 4.1 mmol) and (+)- 
sec-butylamine (excess) in acetonitrile (125 mL) there was obtained 1.36 g of a 
yellow solid: mp 245-247°C; NMR (DMSO-ds): 8 9.89 (br s, 1H), 7.78 (d, 2H), 
7.73 (d, 1H), 7.58 (d, 2H), 4.01 (m, 1H), 1.65-1.46 (m 2H), 1.23 (d, 3H), 0.89 (t, 3H). 
10 IR (KBr): 3217, 3185, 3000, 2228, 1798, 1664, 1609, 1527 cm-l; MS (m/z) 269 
(M+). 

Elemental analysis for C15H15N3O2 

Calc'd: C, 66.90; H, 5.61; N, 15.60 
15 Found: C. 66.78; H. 5.43; N, 15.61 

N-(2-sec-ButyIamino-3,4-dioxo-cyclobut- 1 -enyl)-N-(4-cyano-phenyl)- 
acetamide was prepared according to the procedure described in Example 12, second 
paragraph. From the product of the preceding paragraph (0.16 g, 0.52 mmol) and 
20 acetic anhydride (0.28 mL, 2.96 mmol) in pyridine (1.8 mL) there was obtained 0.14 
g (78%) of yellow crystals: mp 220-225°C (dec); lH NMR (CDCI3): 5 7.80 (d, 
2H), 7.44 (d, 2H), 7.14 (br d, 1H), 4.36 (m, 1H), 2.00 (s, 3H), 1.71-1.53 (m, 2H), 1.30 
(d, 3H), 0.98 (s, 3H). IR (KBr): 3348, 2978 2239, 1803, 1739, 1690, 1622 cm-l; MS 
(m/z) 311 (M+). 

25 

Elemental analysis for C17H17N3O3 

Calc'd: C, 65.58; H, 5.50; N, 13.50 
Found: C, 65.18; H, 5.31; N, 13.33 
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EXAMPLE 23 

flRVN.n.4.nin«o-2.n.2.2.trifiH.»hvl.nronvlamino>.cvrlnh»t.1. < »nvn.N. 

(PYridin-3»Yl)-a«taniidg 

3-Aminopyridine (2.77 g, 29.4 mmol) and 3,4-diethoxy-3-cyclobutene-l,2- 
dione (5 g, 29.4 mmol) in acetonitrile (35 mL) were refluxed for 18 hours. The 
reaction mixture was concentrated and chromatographed with 2% methanol in ethyl 
acetate to give 2.6S g of a white solid. This solid (0.9 g, 4.1 mmol) was stirred in a 
solution of (R)-l,2,2-trimethyl-propylamine (8.2 mmol) and ethanol (50 mL) at room 
temperature for 24 hours. The reaction mixture was filtered and rinsed with ethyl 
acetate to give 0.77 g (68%) of (+)-(R)-3-(l,2^-nrimethyl-propylamino)-4-(pyridin-3- 
ylamino)-cyclobut-3-ene-l,2-dione as a white solid: mp 283-285°C; la]? = +2.04° 
(DMSO, c 0.0098): J H NMR (DMSO-de): 8 8.19 (brs, 1H), 8.57 (d, 1H), 8.22 (dd, 
1H), 7.96 (dm, 1H), 7.66 (brd, 1H), 7.37 (dd, 1H), 3.98 (m, 1H), 1.17 (d. 3H), 0.91 (s, 
9H). IR (KBr): 3200, 2960, 1790, 1655, 1570, 1455 cnr»; MS (m/z) 273 (M + ). 

Elemental analysis for C15H19N3O2 

Calcd: C, 65.91; H, 7.01; N, 15.37 
Found: C, 65.88; H, 7.04; N, 15.56 
20 

The title compound was prepared according to the procedure described in 
Example 9. From the product of the preceding paragraph (0.20 g, 0.73 mmol) and 
acetic anhydride (0.21 mL, 2.2 mmol) in pyridine (2.2 mL) there was obtained 0.14 g 
(61%) of a 0.4 hydrate of the title compound as white crystals: mp 149-151°C; J H 
25 NMR (CDCI3): 5 8.75 (dd, 1H). 8.63 (d, 1H), 7.71 (dm, 1H), 7.49 (dd, 1H), 7.42 
(brd, 1H), 2.27 (m, 1H), 2.01 (s, 3H), 1.26 (d, 3H), 1.00 (s, 9H). IR (KBr): 3325, 
2960, 1800, 1740, 1690, 1620 cm- 1 ; MS (m/z) 315 ([M+HJ+). 



10 



30 



Elemental analysis for Cn^i^Cty 0.4 H2O 
Calc d: C, 63.30; H, 6.81; N, 13.03 
Found: C, 63.45; H, 6.7 1 ; N, 1 2.98 
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EXAMELE 24 

rR^^.r3.4.Dioxo.2.n.2.2.1rinw»hvl.nronvlaminnVgvc1ohiit.l.envn.N. 

(pvridiiH-ylVaretaniirie 

4-Aminopyridine (8.27 g, 87.9 mmol) and 3,4-diethoxy-3-cyclobutene-l,2- 
dione (15 g, 88 mmol) in acetonitrile (51 mL) were refluxed for 18 hours. The 
reaction mixture was diluted with ethanol, filtered and concentrated. Chromatography 
with 2% methanol in ethyl acetate afforded 2.59 g of a white solid. This solid (0.9 g, 
4.1 mmol) was stirred in a solution of (R)-l,2,2-trimethyl-propylamine (8.2 mmol) 
and ethanol (50 mL) at room temperature for 24 hours. The reaction mixture was 
filtered and rinsed with ethyl acetate to give 0.70 g (62%) of (+)-(R)-3-(l,2,2- 
trimethyl-propylamino)-4-(pyridin-4-ylamino)-cyclobut-3-ene-l,2-dione as a white 
solid: mp 275-279°C (dec); [a] ? = +6.02° (DMSO, c 0.0066)1 'H NMR (DMSO- 
d 6 ): 69.80 (s, 1H), 8.41 (dd. 2H), 7.73 (brd. 1H). 7.45 (dd, 2H), 3.97 (m, 1H), 1.17 
(d. 3H), 0.91 (s, 9H). IR (KBr): 3210, 3160, 1800, 1670, 1610, 1530 cm-»; MS 
(m/z) 273 (M + ). 

Elemental analysis for C15H19N3O2 

Calcd: C, 65.91; H, 7.01; N, 15.37 
20 Found: C, 65.80; H, 7.01; N, 15.60 

The tide compound was prepared according to the procedure described in 
Example 9. From the product of the preceding paragraph (0.20 g, 0.73 mmol) and 
acetic anhydride (0.21 mL, 2.2 mmol) in pyridine (2.2 mL) there was obtained 0.08 g 
25 (35%) of the title compound as a white solid: mp 140-142°C (dec); J H NMR 
(CDCI3): 5 8.81 (dd, 2H). 7.32 (brd, 1H), 7.28 (dd, 2H), 4.27 (m. 1H), 2.05 (s, 3H), 
1.25 (d, 3H), 0.99 (s, 9H). IR (KBr): 3340, 2980, 1790, 1720, 1690, 1610 cur*; MS 
(m/z) 315 ([M+H]+). 

30 Elemental analysis for C17H21N3O3 

Calc'd: C, 64.74; H, 6.71; N. 13.32 
Found: C, 64.46; H, 6.68; N, 13.13 
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EX AMPLE 25 

^RUN-f-1.4-nioxo-2.f1.2.2-trimethvl.prnovlaminnWvclohut-1.envll-3- 
mgthvl.N.fnvridin^.vn-hutvratnide 

This compound was prepared according to the procedure described in 
Example 9. From the product of the first paragraph of Example 24 (0.17 g, 0.62 
mmol) and isovaleric anhydride (0.36 mL, 1.86 mmol) in pyridine (2.5 raL) there was 
obtained 0.08 g (36%) of the title compound as an off-white solid: mp 193-196°C; 
•H NMR (CDC1 3 ): 6 8.81 (dd, 2H), 7.36 (dm. 1H), 7.27 (dd, 2H), 4.28 (m, 1H), 2.20- 
2.02 (m, 3H), 1.26 (d, 3H), 0.99 (s, 9H), 0.90 (d, 3H), 0.89 (d, 3H). IR (KBr): 3310, 
2950, 1795, 1720; 1700, 1610 cm-l; MS (m/z) 357 ([M+H]+). 

Elemental analysis for C20H27N3O3 

Calc'd: C 67.20; H, 7.61; N, 11.76 
15 Found: C, 66.71; H, 7.63; N, 11.63 

EXAMPLE 26 

m)-H-N-f3.4-DiP7{Q-2-(1.2.2-triiTiethYl'ProPYlaniinQHYclohHf-l-enYl1-N- 
fPYridm-4-Yl)-pgntYlamide 

This compound was prepared according to the procedure described in 
Example 9. From the product of the first paragraph of Example 24 (0.20 g, 0.73 
mmol) and valeric anhydride (0.42 mL, 2.2 mmol) in pyridine (2.9 mL) there was 
obtained 0.17 g (65%) of the title compound as a pale yellow solid: mp 160-165°C 
(dec); [a]? = -202.72° (DMSO, c 0.0076); *H NMR (CDCI3): 8 8.81 (dd, 2H), 7.38 
(dm, 1H), 7.28 (dd, 2H), 4.28 (m, 1H), 2.18 (dt, 2H), 1.59 (m, 2H), 1.31-1.20 (m, 2H), 
1.26 (d, 3H), 1.00 (s, 9H), 0.85 (t, 3H). IR (KBr): 3310, 2970, 1795, 1720, 1700, 
1610 cm-l; MS (m/z) 357 ([M+H]+). 

30 Elemental analysis for C20H27N3O3 

Calc'd: C, 67.20; H. 7.61; N, 11.76 
Found: C, 66.93; H,7.73; N, 11.84 
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EXAMELE 27 

n?^M>N.(4>rvano^2-ethvUnh g nvn>N>r3.4-dinxf>-2-f1,2,2-trimerhv1> 
nmnvlflminQ^cvclQbut-1-env1%butvramide 

5 4-Amino-3-ethylbenzonitrile (0.86 g, 5.88 mmo!) and 3,4-diethoxy-3- 

cyclobutene-l,2-dione (1.0 g, 5.88 mmol) in acetonitrile (2 mL) was heated in an oil 
bath at 110°C for 21 hours. 3,4-Diethoxy-3-cyclobutene-l,2-dione (0.5 g, 2.9 mmol) 
was added to the reaction mixture and the temperature of the oil bath increased to 
150°C. After 48 hours the reaction mixture was cooled to room temperature, then 
10 diluted with ethyl acetate and filtered. The filtrate was concentrated and the resulting 
solid was taken up in ethyl acetate (5 mL) and sonicated. Filtration gave 0.54 g (34%) 
of 4-(3,4-dioxo-2-ethoxy-cyclobut-l-enylamino)-3-ethylbenzonitriie as a light brown 
solid: *H NMR (DMSO-d 6 ): 5 10.56 (br s, 1H), 7.70 (br s overlapping a doublet at 5 
7.69, 2H), 7.30 (d, 1H), 4.71 (q, 2H), 2.74 (q, 2H), 1.37 (t, 3H), 1.15 (t, 3H). 

15 

4-(2-ethoxy-3,4-dioxo-cyclobut- 1 -enylamino)-3-ethylbenzonitrile (1.26 g, 
4.66 mmol) and a solution of (R)-l,2,2-trimethylpropylamine (9.3 mmol) in ethanol 
(58 mL) were stirred at room temperature for 24 hours. The resulting yellow solution 
was concentrated to a yellow oil, which was dissolved in acetonitrile (20 mL) and 

20 stirred at room temperature. The yellow solid which precipitated was filtered off and 
rinsed with ethyl acetate to yield 0.79 g (52%) of (+)-(R)-4-[3,4-dioxo-2-(l,2,2- 
trimethyl-propylamino)-cyclobut-l-enylamino]-3-ethylbenzonitrile as an off-white 
solid: mp 235-237°C; [a]? = + 68.20° (DMSO, c 0.0072); ! H NMR (DMSO-cfc): 
5 8.04 (br s, 1H), 8.04 (d, 1H), 7.69-7.57 (m, 3H), 4.05 (m, 1H), 2.71 (q, 2H), 1.27- 

25 1.16 (overlapping doublet and triplet, 6H), 0.91 (s, 9H). IR (KBr): 3278, 2959, 2222, 
1793, 1674, 1598, 1576, 1522 cnr*; MS (m/z) 325 (M+). 

Elemental analysis for C19H23N3O2 

Calc'd: C, 70.13; H,7.12; N, 12.91 
30 Found: C 69.82; H, 7.17; N, 12.99 

A mixture of the product of the preceding paragraph (0.37 g, 1.14 g), butyric 
anhydride (0.47 mL, 2.87 mmol) and pyridine (10 mL) was stirred at rt overnight. 
The solution was stripped free of solvent and the resulting oil was taken up'in 
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hexanes. The precipitate which formed was filtered off and recrystallized 
(EtOAc/hexanes) to afford the ride compound as 0.26 g (58%) of a white solid: mp 
150-152°C; [a]25 D -193.90° (DMSO. c 0.0098); >H NMR (DMSO-d*): 5 7.93 (d, 
1H), 7.82 (d, 1H). 7.80-7.50 (m, 2H). 4.10 (m, 1H), 2.53 (m. 2H), 2.18 (m, 1H), 1.97 
5 (m, 1H), 1.53 (m, 2H), 1.20 (m, 3H), 1.14 (m, 3H), 0.93 (s, 9H), 0.80 (t, 3H). IR 
(KBr): 3340, 2980, 2230, 1800, 1730, 1690, 1600 cm- VMS (m/z) 395 (M+). 

Elemental analysis for C23H29N3O3 

Calc d: C. 69.85; H, 7.39; N, 10.62 
10 Found: C, 69.70; H, 7.46; N, 10.60 

EXAMPI F 7* 

fR)-N-f4-Cvano-2.efhvl.nh < >nvn.N.n.4.rfmvn.2.ri.2^.rrimP*hvi. 

DrODVlaminoWvclnhiit.l^nvn.nrnninnniniriA 

15 

(+)-(R)-4-[3,4-Dioxo-2-(l,2,2-trimethyl-propylamino)-cyclobut-l-enylamino]- 
3-ethylbenzonitrile (0.40 g, 1.23 mmol), propionic anhydride (0.47 mL, 3.67 mmol) 
and pyridine (3.7 mL) were mixed and allowed to stand at room temperature for 24 
hours. The reaction mixture was filtered to remove undissolved solid material and the 

20 filtereake was rinsed with dichloromethane. The combined filtrate was concentrated 
and the resulting yellow gum was crystallized with hexanes (20 mL). Solvent was 
decanted off and the solid material was triturated with hexanes to afford the title 
compound as 0.45 g (96%) of an off-white solid: «H NMR (CDCI3): 5 7.70 (s, 1H), 
7.62 (m, 1H), 7.52 (m, 1H), 7.37 (m, 1H), 4.28 (m, 1H), 2.70-2.50 (m, 2H), 2.20-2.09 

25 (m, 1H), 2.03-1.92 (m, 1H), 1.30-1.24 (m, 6H). 1.09 (t, 3H), 1.00 (d, 9H). IR (KBr): 
3330, 2970, 2230, 1800, 1730, 1680, 1610 cm-1; MS (m/z) 381 (M+). 

Elemental analysis for C22H27N3O3 

Calc'd: C, 69.27; H, 7.13; N, 11.02 
30 Found: C, 69.25; H, 7.30; N, 10.96 

EXAMPLE 29 

(R)-(-)-N-(4-Cvano-2-«»thvlDhenvn.N.f^,4.HmY0.2.n^ .2.trifnethvl. 
DrODVlaniino)-CVClohiit.1.envll.rrntnn a n 1 ;rt < > 
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t. 



(+MR)-4-[3,4-Dioxo-2-( 1 ,2,2-trimethyl-propylaniino)-cyclobut- 1-enylamino]- 
3-ethylbenzonitrile (0.40 g, 1.23 mmol), crotonic anhydride (0.55 mL, 3.71 mmol) 
and pyridine (3.7 mL) were mixed and allowed to stand at room temperature for 24 
5 hours. The reaction mixture was filtered to remove undissolved solid material and the 
filtercake was rinsed with dichloromethane. The combined filtrate was concentrated 
and the resulting red-brown solid was triturated with hexanes to afford the tide 
compound as 0.48 g (99%) of an off-white solid: [aF D -245.1° (DMSO. c 0.01 1); 
1H NMR (CDCI3): 6 7.70 (s, 1H), 7.68-7.55 (m, 2H), 7.34 (m, 1H), 7.22 (m, 1H), 
10 5.54 (m, 1H), 4.28 (m, 1H), 2.67-2.48 (m, 2H), 1.84 (m. 3H), 1.27 (m. 3H), 1.24 (t, 
3H), 1.00 (d, 9H). IR (KBr): 3450, 3300, 2980, 2230, 1790, 1725, 1675, 1625 cnH; 
MS (m/z) 393 (M + ). 

Elemental analysis for C23H27N3O3 
15 Calc d: C, 70.21; H, 6.92; N, 10.68 

Found: C, 69.91; H, 7.04; N, 10.49 

EXAMPLE 30 

( BV (.^.N.fd.rv a nn.2. g th vl.nhi»nvn.N.r^4.rtinxo.2.f1.2.2.trimethYl- 
20 pronvlaminnWvclohiit.l-envn-acetamide 

(+)-(R)-4-[3,4-Dioxo-2-( 1 ,2,2-trimethyl-propylamino)-cyclobut- 1 -enylamino]- 
3-ethylbenzonitrile (0.36 g, 1.11 mmol), acetic anhydride (0.31 mL, 3.29 mmol) and 
pyridine (3.4 mL) were mixed and allowed to stand at room temperature for 24 hours. 

25 The reaction mixture was filtered to remove undissolved solid material and the 
filtercake was rinsed with ethyl acetate. The combined filtrate was concentrated and 
the resulting solid was purified by recrystallization (EtOAc/CH2Cl2) and trituration 
(EtOAc) to afford the title compound as 0.29 g (71%) of a white solid: mp 229- 
231°C ; [aFD -224.43° (DMSO, c 0.0092); lH NMR (CDCI3): 5 7.72 (s. 1H), 7.64 

30 (m, 1H), 7.54-7.40 (m, 1H), 7.38 (m, 1H), 4.37 (m, 1H), 2.72-2.53 (m, 2H), 1.92 (s, 
3H), 1.32-1.23 (m, 6H), 0.99 (d. 9H). IR (KBr): 3450. 3340, 2970, 2240, 1800, 1725, 
1680, 1610 cm- 1 ; MS (m/z) 367 (M + ). 

Elemental analysis for C21H25N3O3 
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Calc'd: C, 68.64; H, 6.86; N, 11.43 
Found: C, 68.31; H, 6.82; N, 11.25 

EXAMPLE 31 

5 rRW.^.N.f4-rv a no.2. g thvl.nhenvn.N.r3.4.dioxo.2-n.2.2.triinethYl- 

pmnvlflminnWvclohiit.l-pnvn-nPntanamtHg 

(+)-(R)-4-[3,4-Dioxo-2-( 1 ,2,2-trimemyl-propylamino)-cyclobut- 1-enylamino]- 
3-ethylbcnzonitrile (0.40 g, 1.23 mmol), valeric anhydride (0.73 mL, 3.62 mmol) and 
pyridine (3.7 mL) were mixed and allowed to stand at room temperature for 24 hours. 
The reaction mixture was filtered to remove undissolved solid material and the 
filtercake was rinsed with dichloromethane. The combined filtrate was concentrated 
and the resulting yellow gum was crystallized with hexanes (20 mL). Solvent. was 
decanted off and the solid was triturated with hexanes to afford the dde compound as 
0.47 g (93%) of an off-white solid: [a]^ D -199.0° (DMSO, c 0.0098); *H NMR 
(CDCI3): 5 7.71 (s, 1H), 7.63 (d, 1H), 7.58-7.42 (m, 1H), 7.37 (t, 1H), 4.28 (m, 1H), 
2.69-2.50 (m, 2H), 2.17-2.05 (m, 1H), 2.01-1.90 (m, 1H), 1.57 (m, 2H), 1.30-1.20 (m. 
8H), 0.99 (d. 9H), 0.85 (t, 3H). IR (KBr): 3430, 3330, 2970, 2240, 1800, 1730. 1690, 
1610 cm- 1 ; MS (m/z) 409 (M + ). 

Elemental analysis for C24H31N3O3 

Calc'd: C, 70.39; H, 7.63; N, 10.26 
Found: C. 70.31; H, 7.80; N, 10.20 

25 EXAMPLE 32 

fR^r.^.N.r4.rv a nn.2. g »hv1.nhenvl>.N.n.4-dioxo.2.n.2.2.trimethY|.nronvlaniino)- 
cvclohut.l-envn-cvclnhgxaneearhoxamide 

(+)-(R)-4-[3,4-Dioxo-2-(l,2 ? 2-trimethyl-propylamino)-cyclobut-l-enylamino]- 
30 3-ethylbenzonitrile (0.50 g, 1.54 g), cyclohexanecarboxylic acid anhydride (0.92 g, 
3.86 mmol) and pyridine (15 mL) were combined and stirred at room temperature for 
2 days. The mixture was filtered and stripped free of solvent. The resulting oil was 
crystallized with diethyl ether/hexanes and the solid which formed was filtered off 
and recrystallized (EtOAc/hexanes) to afford the tide compound as 0.39 g (58%) of a" 



10 



15 



20 
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white solid: mp 156-159°C ; [a]^ D -226.61° (DMSO, c 0.0096); 'H NMR (CDCI3): 
8 7.72 (s, 1H), 7.62 (d, 1H), 7.57-7.40 (m, 1H), 7.38 (m, 1H). 4.28 (m, 1H), 2.69-2.48 
(m, 2H), 2.04-1.94 (m, 1H), 1.78-1.65 (m, 3H), 1.65-1.57 (m, 3H), 1.50-1.48 (m, 1H), 
1.30-1.23 (m, 6H), 1.23-1.12 (m, 1H). 1.07-0.87 (m, 2H). 0.99 (d, 9H). IR (KBr): 
3430, 3340, 2940, 2230, 1800, 1730, 1690, 1610 cm* 1 ; MS (m/z) 435 (M+). 

Elemental analysis for C26H33N3O3 

Calc'd: C. 71.70; H.7.64; N.9.65 
Found: C, 7 1 .88; H, 7.64; N, 9.61 

EXAMPLE 33 

rR^.r.>.N.n.rhloro.4.pvflno.nhefivn-N.r^A.rfinito.2- 
n.l.2.trimet hvl.nronvlaminnVpvglnhut.1.envn-acetam8dc 

15 4-Amino-2-chlorobenzonitrile (3. 14 g, 20.6 mmol) was added to a solution of 

3,4-diethoxy-3-cyclobutene-l,2-dione (3.5 g, 20.6 mmol) in absolute ethanol (41 mL). 
The mixture was heated at reflux overnight and the resulting suspension filtered hot. 
The filtrate was concentrated to afford a yellow solid which was suspended in ethyl 
acetate, filtered, and washed several times with ethyl acetateto give 1.16 g of a yellow 

20 solid. This solid (0.5 g, 1.8 mmol) was stirred in a solution of (R)-l,2,2-trimethyl- 
propylamine (3.6 mmol) and ethanol (18 mL) at room temperature for 24 hours. The 
reaction mixture was filtered and rinsed with ethyl acetate to give 0.53 g (88%) of 
(R)-(+)-4-[3,4-dioxo-2-(l^,2-trimethyl-propylamino)-cyclobut-l-enylamino]-2- 
chlorobenzonitrile a yellow solid: mp >300°C; la]? = +1.87° (DMSO, c 0.010); l H 

25 NMR (DMSO-d6): 8 10.04 (brs, 1H), 7.91 (d, 1H), 7.87 (d, 1H), 7.76 (brd, 1H), 7.40 
(dd, 1H), 3.98 (m, 1H), 1.18 (d, 3H), 0.91 (s, 9H). IR (KBr): 3200, 2970, 2230, 
1800, 1675, 1575 cm- 1 ; MS (m/z) 331 (M+). 

Elemental analysis for C17H18CIN3O2 
30 Calc'd: C, 61.54; H, 5.47; N, 12.66 

Found: C, 61.29; H, 5.46; N, 12.45 

This compound was prepared according to the procedure described in 
Example 12, second pargraph. From the product of the preceding paragraph (0.27 g, 
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0.81 mmol) and acetic anhydride (0.23 mL, 2.4 mmol) in pyridine (2.5 mL) there was 
obtained 0.16 g (53%) of the title compound as a white solid: mp 232-235°C (dec); 
[a]? = .307.5° (DMSO, c 0.010); ! H NMR (CDCI3): 5 7.82 (d, 1H), 7.53 (d, 1H), 
7.38 (dd, 1H), 7.34 (brd, 1H), 4.26 (m, 1H), 2.05 (s, 3H), 1.25 (d, 3H), 0.99 (s, 9H). 
5 IR (KBr): 3330, 2980, 2220, 1795, 1745, 1625 cm-1; MS (m/ 2 ) 374 ([M+H]+). 

Elemental analysis for C19H20CIN3O3 

Calc'd: C, 61.04; H, 5.39; N, 11.24 
Found: C, 60.83; H, 5.31; N, 11.10 

10 

The smooth muscle relaxing activity of the compounds of this invention was 
established in accordance with standard pharmaceutically accepted test procedures 
with representative compounds as follows: 

15 Sprague-Dawley rats (150-200 g) are rendered unconscious by CO2 

asphyxiation and then euthanized by cervical dislocation. The bladder is removed into 
warm (37 deg.C) physiological salt solution (PSS) of the following composition 
(mM): NaCl, 118.4; KC1, 4.7; CaCl 2 , 2.5; MgS0 4 , 4.7; H 2 0, 1.2; NaHC0 3 , 24.9; 
KH 2 P0 4 , 1.2; glucose, 11.1; EDTA, 0.023; gassed with 95% O2; 2/5% CO2; pH 7.4. 

20 The bladder is opened and then cut into strips 1-2 mm in width and 7-10 mm in 
length. The strips are subsequently suspended in a 10 mL tissue bath under an initial 
resting tension of 1.5 g. The strips are held in place by two surgical clips one of which 
is attached to a fixed hook while the other is attached to an isometric force transducer. 
The preparations, which usually exhibit small spontaneous contractions, are allowed 

25 to recover for a period of 1 hour prior to a challenge with 0.1 uM carbachol. The 
carbachol is then washed out and the tissue allowed to relax to its resting level of 
activity. Following a further 30 min period of recovery an additional 15 mM KC1 are 
introduced into the tissue bath. This increase in KC1 concentration results in a large 
increase in the amplitude of spontaneous contractions (and initiation of contractions in 

30 previously quiescent strips) superimposed upon a small increase in basal tone. 
Following stabilization of this enhanced level of contractile activity, incremental 
increases in the concentration of test compound or vehicle are introduced into the 
tissue bath. Contractile activity is measured for each compound or vehicle 
concentration during the last minute of a 30 minute challenge. 
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The isometric force developed by the bladder strips is measured using a 
concentration required to elicit 50% inhibition of pre-drug contractile activity (IC50 
concentration) is calculated from this concentration-response curve. The maximum 
5 percentage inhibition of contractile activity evoked by a test compound is also 
recorded for concentrations of test compound less than or equal to 30 pM. 

The results of this study are shown in Table I. 
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Table I 

Inhibition of Contractions in Isolated Rat Bladder Strips 

5 



Compound 


n 


IC50MM 


Example 1 


2 


0.5Q±0.0 


Example 2 


2 


0.29±0.04 


Example 5 


2 


O.35±0.1 


Example 6 


4 


0.57±0.2 


Example 7 


2 


0.37±0.08 


Example 9 


4 


0.23±0.05 


Example 10 


2 


0.31±0.05 


Example 1 1 


2 


9.7±4.1 


Example 13 


2 


0.2±0.1 


Example 14 


2 


3.2±0.92 


Example 16 


2 


1.24±0.54 


Example 17 


2 


1.84±0.36 


Example 21 


1 


10.6 


Example 23 


3 


7.2±1.6 


Example 24 


2 


2.5±0.2 


Example 25 


3 


10.8±1.6 


Example 26 


4 


4.9±1.2 


Example 27 


2 


0.17±0.004 


Example 28 


4 


0.22±0.2 


Example 29 


2 


0.27±0.02 


Example 30 


4 


0.35±0.1 


Example 31 


3 


0.61±0.2 


Example 32 


2 


0.63±0.065 


Example 33 


2 


0.19±0.01 



Hence, the compounds of this invention have a pronounced effect on smooth 
muscle contractility and are useful in the treatment of urinary incontinence, irritable 
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bladder and bowel disease, asthma, hypertension, stroke, and similar diseases as 
mentioned above, which are amenable to treatment with potassium channel activating 
compounds by administration, orally, parenterally, or by aspiration to a patient in need 
thereof. 
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What is claimed 



-l- 



A compound of the formula: 



10 



X S 



N 
I 

R 3 



wherein: 



I 

R 2 



(I) 



Rl and R2 are, independent from each other, hydrogen, Ci-io straight 
chain alkyl, Ci-io branched alkyl , or C3-10 cyclic or bicyclic 
alkyl; 



R3 is an acyl subsdtuent selected from the group consisting of formyl, 
alkanoyl of 2 to 7 carbon atoms, alkenoyl of 3 to 7 carbon 
atoms, alkylsulfonyl of 1 to 7 carbon atoms, aroyl of 7 to 12 
carbon atoms, arylalkenoyl of 9 to 20 carbon atoms, 
arylsulfonyl of 6 to 12 carbon atoms, arylalkanoyl of 8 to 12 
carbon atoms or arylalkylsulfonyl of 7 to 12 carbon atoms; 



20 



A is selected from the group consisting of: 
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wherein: 

R4 is hydrogen, Ci-6 alkyl, Ci-6 perfluoroalkyl, Ci-6 alkoxy, 
Ci-6 perfluoroalkoxy, amino, Q-6 alkylamino, 
C2-12 dialkylamino, Ci-6 alkylsulfonamido, alkyl- 
carboxamido containing 2 to 7 carbon atoms, 
nitro, cyano, carboxyl; 



10 



or, A is a phenyl group of the following formula: 
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wherein: 

R5 and R6, independent from each other, are selected from the 
following: cyano, nitro, amino, Ci-6 alkyl, 
Ci-6 perfluoroalkyl, Ci-6 alkoxy, Ci-6 perfluoroalkoxy, 

C1-6 alkylamino, C2-12 dialkylamino, sulfamyl, 
Ci-6alkylsulfonamido, Cfc-12 aiylsulfonamido, 
alkylcarboxamido containing 2 to 7 carbon atoms, 
arylcarboxamido containing 7 to 13 carbon atoms, 
C2-6 alkanoyl, Ci-6 alkylsulfonyl, Ci-6 perfluoro- 
alkylsulfonyl, C6-12 arylsulfonyl, chlorb, 
bromo, fluoro, iodo, 1-imidazolyl, carboxyl or hydrogen; 

15 or a pharmaceutical^ acceptable salt thereof. 

-2- 



5 



10 



20 



A compound of Claim 1 in which A is selected from the following: 
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wherein: 

R4 is as defined in Claim 1; 

5 

or, A is a phenyl group of the following formula: 




10 wherein: 

R5 and R6> independent from each other, are selected from the 
following: cyano, nitro, amino, chloro, bromo, fluoro, iodo, 1- 
imidazolyl, alkyl of 1 to 6 carbon atoms, alkoxy of 1 to 6 
carbon atoms, perfluoroalkyl of 1 to 6 carbon atoms, alkanoyl 
15 of 2 to 6 carbon atoms, carboxyl or hydrogen; 

or a pharmaceutically acceptable salt thereof. 
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A compound of Claim 1 in which A is selected from the following: 



«0 -6 <£l, 





wherein: 



10 



R4 is as defined in Claim 1; 



or, A is a phenyl group of the following formula: 




15 wherein: 



20 



R5 and R<j, independent from each other, are selected from the 
following: cyano, nitre, amino, chloro, bromo, fluoro, iodo, 1- 
imidazolyl, alky I of 1 to 6 carbon atoms, alkoxy of 1 to 6 
carbon atoms, perfluoroalkyl of 1 to 6 carbon atoms, alkanoyl 
of 2 to 6 carbon atoms, carboxyl or hydrogen; 



or a pharmaceutical^ acceptable salt thereof. 
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-4- 

3-Alkylamino-4-[ (substituted phenyl)amino]-cyclobut-3-ene-l,2-dione in 
which said alkyl group contains 1 to 6 carbon atoms and the phenyl group is 
5 substituted by one or two members selected from the group consisting of cyano, 
nitro, amino, halo, alkyl of 1 to 6 carbon atoms, alkoxy of 1 to 6 carbon atoms, 
trifluoroalkyl of 1 to 6 carbon atoms, alkanoyl of 2 to 6 carbon atoms, and carboxyl 
groups, and the amino group in 4-position of the cyclobut-3-ene-l,2-dione is 
substituted with a member of the group consisting of alkylcarbonyl of 2 to 6 carbon 
10 atoms, alkenylcarbonyl of 3 to 6 carbon atoms or arylcarbonyl of 7 to 12 carbon 
atoms. 

-5- 

15 A compound of Claim 1 which is N-(4-cyano-phenyl)-N-[3,4-dioxo-2-( 1,2,2- 

trimethyl-propylamino)-cyclobut- 1 -eny!]-propionamide. 

-6- 

20 A compound of Claim 1 which is N-(4-cyano-phenyl)-N-[3,4^1ioxo-2-(l,2 y 2- 

trimethyl-propylamino)-cyclobut-l-enyl]-benzamide. 

-7- 

15 A compound of Claim 1 which is N-(4-cyano-phenyl)-N-[3,4-dioxo-2-( 1,2,2- 

trimethyl-propylamino)-cyclobut- 1 -enylj-methanesulfonamide. 

-8- 

K> A compound of Claim 1 which is N.(4-cyano-phenyl)-N-[3,4-dioxo-2-( 1,2,2- 

trimethyl-propylamino)-cyclobut- 1 -enyl]-formamide. 
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-9- 

A compound of Claim 1 which is hexanoic acid N-(4-cyano-phenyl>N-[3,4- 
dioxo-2-(l ^,2-trimethyl-propylamino)-cyclobut-l -enyl]-amide. 

5 

- 10- 

A compound of Claim 1 which is N-(4-cyano-phenyl)-N-[3,4-dioxo-2-( 1,2,2- 
trimcthyl-propylamino-cyclobut- 1 -enyl]-isobutyramide. 



10 



15 



20 



25 



30 



11 - 



A compound of Claim 1 which is N-(4-cyano-phenyl)-N-[3,4-dioxo-2-(l^,2- 
trimethyl-propylamino)-cyclobut-l-enylamino]-3-phenyl-acrylamide. 



- 12- 

A compound of Claim 1 which is N-(4-cyano-phenyl)-N-[3,4-dioxo-2-(l,2,2- 
trimcmyl-propylamino)-cyclobut-l-enylamino]-carbamic acid ethyl ester. 

- 13- 

A compound of Claim 1 which is N-(4-cyano-phenyl)-N-[3,4-dioxo-2-( 1,2,2- 
trimethyl-propylamino)-cyclobut- 1 -enyl]-acetamide. 

- 14- 

A compound of Claim 1 which is (R)-(->N-(4-cyano-phenyl)-N-[3,4-dioxo-2- 
(l^,2-trimethyl-propylamino)-cyclobut-l-enyl]-acetamide. 

-15- 

A compound of Claim 1 which is N-(4-cyano-phenyl)-N-[3,4-dioxo-2- 
isopropylamino-cyclobut- 1 -enylj-acetamide. 
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- 16- 

A compound of Claim 1 which is N-(4-cyano-phenyl)-N-[2-(l£-<iimethyl- 
5 propylamino)-3,4-dioxo-cyclobut-l-enyl]-acetamide. 

-17- 

A compound of Claim 1 which is N-(3-cyano-phenyl)-N-[3,4-dioxo-2-(l,2,2- 
10 . trimcthyl-propylamino)-cyclobut- 1 -enyl]-acetamide. 

- 18- 

A compound of Claim 1 which is (R)-N-(4-cyano-phenyl)-N-[2-(l- 
15 cyclohexyl-ethylamino)-3,4-dioxo-cyclobut-l-cnyl]-acctamide. 

- 19- 

A compound of Claim 1 which is N-(2-butylamino-3,4-dioxo-cyclobut-l- 
20 cnyl)-N-(4-cyano-phenyl)-acetamide. 

-20- 

A compound of Claim 1 which is N-(endo)-[2-(bicyclo[2.2.1]hept-2-ylamino> 
25 3,4-dioxo-cyclobut- 1 -enyl]-N-(4-cyano-phenyl)-acetamidc. 

-21- 

A compound of Claim 1 which is N-(2-tert-butylamino-3,4-dioxo-cyclobut-l- 
30 cnyl)-N-(isoquinolin-5-yl)-acctamide. 
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22 



A compound of Claim 1 which is N-(2-tm-butylamino-3,4-dioxo-cyclobut-l- 
enyl)-N-(pyiidin-3-yl)-acetamide. 

-23- 

A compound of Claim 1 which is N-[3,4-dioxo-2-(l^,2-trimethyl- 
propylanuno)-cyclobut-l-ehyl]-N-(2-methoxy-5-trinuoromethyl-phenyl)-aceiamide. 



10 



15 



20 



25 



30 



-24- 

A compound of Claim 1 which is (endo)-N-[2-(bicyclo[2.2.1]hept-2-ylamino)- 
3,4-dioxo-cyclobut- 1 -enyl]-N-(pyridin-4-yl)-accamidc. 

-25- 

A compound of Claim 1 which is N-(2-scc-butylamino-3,4-dioxo-cyclobut-l- 
cnyl)-N-(4-cyano-phenyl)-acetamidc. 

-26- 

A compound of Claim 1 which is N-[3,4-Dioxo-2-(l,2,2-trimethyI- 
propylamino)-cyclobut- 1 -cnyl]-N-(pyridin-3-yl)-acetamide. 

-27- 

A compound of Claim 1 which is N-[3,4-Dioxo-2-(l,2,2-trimethyl- 
propylamino)-cyclobut-l-enyl]-N-(pyridin-4-yl)-acetamide. 

- 28 - 

A compound of Claim 1 which is N-[3,4-Dioxo-2-(l,2,2-trimethyl- 
propylamino)-cyclobut- 1 -enyl]-3-methyl-N-(pyridin-4-yl)-buiyramide. 



WO 96/15103 



PCT/US95/13125 



-50- 
-29- 

A compound of Claim 1 which is N-[3,4-Dioxo-2-(l,2,2-trimethyl- 
5 propylamino>cyclobut- l-cnyl]-N-(pyridin-4-yl)-pentylamide. 

-30- 

A compound of Claim 1 in which A is 

10 




where R6 is alkyl of 1 to 3 carbon atoms, chloro, bromo, fluoro or iodo, 
or a pharmaceutical^ acceptable salt thereof. 

15 

-31 - 

A compound of Claim 1 in which A is 

20 




CN 



where R6 is alkyl of 1 to 3 carbon atoms, 
or a pharmaceutically acceptable salt thereof. 

25 

■ 

J 



WO 96/15103 



PCT/US95/13125 



-51- 



-32- 



A compound of Claim 1 in which A is 




10 



where R6 is chloro, bromo, fluoro or iodo, 
or a pharmaceutically acceptable salt thereof. 



33 



A compound of Claim 1 which is N-(4-cyano-2^thyl-phenyl)-N-[3 t 4-dioxo- 
2-(l f 2 f 2-trimethyl-propylamino)-cyclobut-l-enyl]-butyramide or a pharmaceutically 
15 acceptable salt thereof. 



-34- 



A compound of Claim 1 which is N-(4-cyano-2-ethyl-phenyl)-N-[3,4- 
20 dioxo-2-( 1 £,2-mmethyl-propylamino)-cyclobut- 1 -enyl]-propionamide 
or a pharmaceutically acceptable salt thereof. 

-35- 



25 



A compound of Claim 1 which is N-(4-cyano-2-ethylphenyl)-N-[3,4-dioxo-2- 
(1 A2-trimethyl-propylamino)-cyclobut-l-enyl]-crotonamide or a pharmaceutically 
acceptable salt thereof. 
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-36- 

A compound of Claim 1 which is N-(4-cyano-2-cthyl-phenyl)-N-[3,4- 
dioxo-2-(l,2,2-mmethyl-propylaiiuno)-cyclobut-l^nyl]-acetamide 
5 or a pharmaceutical^ acceptable salt thereof. 

-37- 

A compound of Claim 1 which is N-(4-cyano-2-ethyl-phenyl)-N-t3 > 4- 
10 dioxo-2-( 1 ,2,2-trimethyl-propylamino)-cyclobut- 1 -eny l]-pentanamide 
or a pharmaceutically acceptable salt thereof. 

-38- 

15 A compound of Claim 1 which is N-(4-cyano-2-ethyl-phenyl)-N-[3,4-dioxo- 

2-(l t 2,2-trimethyl-propylamino)-cyclobut- l-enyl]-cyclohexanecarboxamide or a 
pharmaceutically acceptable salt thereof. 



20 



25 



39- 



A compound of Claim 1 which is N-(3-chloro-4-cyano-phenyl)-N-[3,4 dioxo- 
2-(l,2 t 2-trimethyl-propylamino)-cyclobut-l-enyl]-acetamide or a pharmaceutically 
acceptable salt thereof. 



-40- 



30 



A method for reducing the adverse effects of smooth muscle contractions 
which comprises administering, orally or parenterally, to a patient in need thereof, a 
compound of the formula: 
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N 
I 

R 3 



N 
I 

R 2 



(D 



10 



wherein: 

Rl and R2 are, independent from each other, hydrogen, Ci-io straight 
chain alkyl, Ci-io branched alkyl , or C3-10 cyclic or bicyclic 
alkyl; 

R3 is an acyl substituent selected from the group consisting of formyl, 
alkanoyl of 2 to 7 carbon atoms, alkenoyl of 3 to 7 carbon 
atoms, alkylsulfonyl of 1 to 7 carbon atoms, aroyl of 7 to 12 
carbon atoms, arylalkenoyl of 9 to 20 carbon atoms, 
arylsulfonyl of 6 to 12 carbon atoms, arylalkanoyl of 8 to 12 
carbon atoms or arylalkylsulfonyl of 7 to 12 carbon atoms; 



15 



A is selected from the group consisting of: 
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wherein: 

R4is hydrogen, Ci-6alkyl, C]-6 perfluoroalkyl, Ci-6 alkoxy, 
5 Ci-6perfluoroalkoxy, amino, Ci-6alkylamino, 

C2-12 dialkylamino, Ci-6 alkylsulfonamido, alkyl- 
carboxamido containing 2 to 7 carbon atoms, 
nitro, cyano, carboxyl; 



10 



or, A is a phenyl group of the following formula: 
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R 6 



wherein: 

R5 and R6. independent from each other, are selected from the 
5 following: cyano, nitro, amino, C 1-6 alkyl, 

C1-6 perfluoroalkyl, Ci-6 alkoxy, Ci. 6 perfluoroalkoxy, 
Ci.6aIkylamino,C2-l2dialkylamino, sulfamyl, 
Ci-6alkylsulfonamido, C6-12 arylsulfonamido, 
alkylcarboxamido containing 2 to 7 carbon atoms, 
10 arylcarboxamido containing 7 to 1 3 carbon atoms, 

C2 to 6 alkanoyl, C1-6 alkylsulfone, Ci -6 perfluoro- 
alkylsulfone, C6-12 arylsulfone, chloro; bromo, 
fluoro, iodo, 1-imidazolyl, carboxyl or hydrogen; 

15 or a pharmaceutically acceptable salt thereof. 



■41 - 



The method of Claim 10 in which the smooth muscle adversely contracting 
20 causes urinary incontinence. 



-42- 



The method of Claim 10 in which the smooth muscle adversely contracting 
25 causes irritable bowel syndrome. 



WO 96/15103 



PCT/US95/13125 



-56- 



43 



A pharmaceutical composition comprising a compound as claimed in any one 
of Claims 1 to 39, in combination or association with a phaimaceutically acceptable 
5 carrier. 



44- 



A process for preparation of a compound as claimed in Claim 1, which 
10 comprises reaction of a compound having the formula (Ila): 



\ s 



A, 



N 
I 

R a3 



(Ha) 



15 wherein X is a leaving group, for example, methoxy, ethoxy, isopropoxy, halogen or a 
similar leaving group and A i is A and R a 3 is R3, as defined hereinbefore or a group 
of atoms convertible thereto, with a compound of formula (IV): 



HN 



*a1 



Ra2 



(IV) 



20 



wherein R a l and Ra2 are Ri and R2, respectively, as defined hereinbefore or a group 
of atoms convertible thereto and, where appropriate, convening Ai into A or 
converting R a l into Ri or converting R a 2 into R2, followed by reacylation if 
25 necessary and, where desired, convening a compound having formula (I) into a 
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pharmaccutically acceptable salt thereof or converting a salt of a compound having 
formula (I) into a compound having formula (I). 
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